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In This Issue— 


ANY members of the Institute’s 

Schenectady, N. Y., Section and sur- 
rounding territory participated in a cele- 
bration held June 12-13, 1936 at Schenec- 
tady to commemorate the 50th anniver- 
sary of the establishment of the Edison Ma- 
chine Works in that city, which later de- 
veloped into the present General Electric 
Company. One of the events consisted of 
changing the name of Schenectady’s River 
Road to Rice Road in honor of the late 
Past-President E. W. Rice, Jr. (page 842). 


eS OgS NSS tripling transformers have 
been suggested for furnishing 180 cycle 
electric energy to induction furnaces and to 
high-speed motor-driven apparatus from a 
60 cycle source of supply. The use of series 
capacitance in the output circuits of these 
devices increases their maximum output 
and at the same time improves the output 
voltage regulation and input power factor 
(pages 784-90). 


IAL SWITCHING of short-distance toll 
telephone calls, introduced in Connecti- 
cut in 1929, has been extended until now 
about 70 per cent of such traffic in that 
area is handled by this method. The use of 
this system is said to afford definite im- 
provements over earlier methods in speed 
and accuracy, in simple and more uniform 
operating practices, and in reducing operat- 
ing effort (pages 773-83). 


EGISTRATION of engineers, require- 

ments for which are being strengthened 
in many states, is a subject that has been 
discussed in several previous issues. In 
the ‘Letters to the Editor’’ columns of this 
issue, Dr. D. B. Steiriman, one of the leading 
exponents of registration, replies to com- 
ments on his previously published address 
“Registration of Engineers” (pages 844-5). 


OWHERE has the discovery of new 

phenomena brought about more com- 
plete modifications of older ideas than in the 
changes that concepts of atomic structure 
have undergone during the past 4 decades. 
A review of recent developments of in- 
vestigations on nuclear structure, prepared 
by well-known authority, is included in this 
issue (pages 760-7). 


I ee engineers of Providence, R. I., 

have organized for professional develop- 
ment, in response to a suggestion made by 
the chairman of the committee on profes- 
sional training of the Engineers’ Council for 
Professional Development. Several groups 
have been set up in the new organization, 


each with a junior engineer as leader (page 
839). 


IVING TISSUE of different animals 
has been found to have different elec- 


trical characteristics when considered as a 


conductor. Studies of living frog and 
human tissues emphasizes the fact that 
data obtained from electrophysiological 
studies of frogs cannot be applied directly 
to human beings (pages 768-72). 


A COLD-CATHODE grid-controlled arc- 
discharge tube has been developed in 
which a discharge of several hundred am- 
peres is controlled by an extremely small 
current. Although the tube was developed 
primarily for a stroboscopic light source, 
it has been used successfully for other pur- 
poses (pages 790-4; 809). 


RevineD sphere-gap spark-over voltages 
have been compiled by a subcommittee 
of the A.I.E.E. committee on instruments 
and measurements. These revisions are to 
be included in a revised A.I.E.E. Standard, 
the text portion of which is now being pre- 
pared (page 783). 


Ne prize awards for 1935 A.I.E.E. 
papers, together with some District 
awards, were announced in the June issue; 
additional District awards are announced in 
this issue (page 839). Brief biographical 
sketches of some of the winners also are in- 
cluded in this issue (pages 846-7). 


LANS for the A.I.E.E. South West 

District meeting to be held at Dallas, 
Texas, October 26-28, 1936, already are 
under way. Those attending this meeting 
will have an opportunity to visit the Texas 
Centennial Exposition which opened in 
Dallas, June 6, 1936 (page 838). 


EPORT of the A.I.E.E. board of directors 

to the membership for the fiscal year 
ending April 30, 1936, is published in this 
issue. The report includes the usual re- 
ports of standing committees and financial 
tabulations (pages 795-808). 


DISCUSSIONS of papers presented at the 

1936 A.I.E.E. winter convention, with- 
held from the preceding 2 issues to make 
room for the advance publication of summer 
convention papers, are resumed in this issue 
(pages 809-37). 


At THE annual business meeting of the 

Institute, held June 22, the first day 
of the 1936 summer convention, 9 members 
of the Institute were declared elected to 
serve as national officers of the Institute 
beginning August 1, 1936 (pages 838; 841). 


NGINEERS’ relations to the present 

employment situation were discussed 
in a recent ‘‘News Letter” of American 
Engineering Council to its constituent 
bodies (page 843). 


MEMBERSHIP of the Institute on April 

30, 1936, the end of the fiscal year, 
showed a net increase for the year for the 
first time since 1931 (pages 798-9). 
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Interest and Appreciation 


—A Message From the President 


NE cannot occupy the presidency of this 
great organization without being im- 
pressed with the tremendous volume of 

important activities being carried on continu- 
ously. 

Having had the opportunity of visiting a large 
number of our sections from coast to coast dur- 
ing the past year I found on every hand evidence 
of a sincere loyalty and enthusiasm for the 
Institute and its ideals. 

It is truly inspiring to learn the reactions of 
many of our members, particularly the younger 
engineers, toward the Institute’s work. I have 
had the opportunity of talking to a large number 
and, almost without exception, they have shown 
a genuine interest not only in the activities and 
responsibilities of the various Section, Branch, 
and committee heads, but also in the broad 
policies and aims of the Institute as a whole. 
It is a most healthful indication. 

The organization is not confining itself to its 
own peculiar problems alone. Since it is directly 
affected by national and local conditions, poli- 
cies, and trends, these matters are being given 
thoughtful consideration, and each Section is 
_ assuming its rightful share of the responsibility 
for decisions. 

I was indeed gratified to find that our members 
everywhere are taking an increasingly important 
part in the solution of local problems. 

I have often said that over and above all 
things that may be regarded as specific contri- 
butions by the individual members of the Insti- 
tute toward the furtherance of its aims, do we 
find the question of attitude as the one major 
responsibility. I repeat it here because it is 
even more indelibly impressed on my mind after 
this past year as your president. 

It is significant that the new blood, the 
Enrolled Students and younger Associates, are 
taking a broad perspective of Institute affairs. 
They appear to be well informed on Institute 
matters and display evidence of having crystal- 
lized their thoughts and opinions in the direction 
of the greatest benefit to the largest number. 
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They are giving wholehearted support to all our 
activities and fully realize that in so doing they 
are laying the groundwork not only for their 
own future professional and material welfare, 
but for that of the Institute as well. 

It is thus that the proper attitude toward the 
American Institute of Electrical Engineers has 
pervaded the ranks of our future leaders. 
Nothing now in sight can prevent progressive 
intensification of the forward movement. 


feel that I would be failing in a major re- 

sponsibility if I did not take this opportunity 

to express my appreciation to those who have 
done so much to aid me in carrying out the 
many duties entrusted to the office of president. 

The members of the various committees and 
their respective chairmen deserve a large meas- 
ure of praise for their eager co-operation in the 
conduct of Institute activities and affairs. 

I have nothing but praise for the members of 
the headquarters staff. To their untiring efforts 
and devotion to all of the many phases of the 
Institute’s work, we owe much of the success 
attained. 

To my fellow officers and the board of direc- 
tors I express my sincere gratitude. They have 
given unlimitedly of their energy and advice. 
I have thoroughly enjoyed working with them. 

I commend the Section and Branch officers for 
the excellent work they have done. 

It has been an honor and a privilege to serve 
as your president this past year and the many 
pleasant experiences and associations will live 
long in my memory. In relinquishing this office 
to my worthy successor I assure you that I will 
always feel a keen sense of pride in supporting 
the incoming officers and lending all the aid and 
assistance I can in making their administration 
as enjoyable as mine has been. 


E Co cceegse-— 
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Exploring 
the Atomic Nucleus 


A review of recent developments of in- 
vestigations on nuclear structure, prepared 
at the request of the A.I.E.E. committee 
on education, is presented here. 


By 
SAUL DUSHMAN 


ASSOCIATE A.I.E.E. 


General Electric Co., 
Schenectady, N. Y. 


Die. of new phenomena al- 
ways has brought about modifications of older con- 
cepts, or even the introduction of completely new 
ideas regarding the interpretation of the universe. 
This statement may be illustrated by numerous cases 
in the history of the development of physical science, 
but nowhere better than in the changes which our 
views on atomic structure have undergone during the 
past 4 decades. 

In the middle of the nineteenth century the atom 
was regarded as the ultimate indivisible unit in the 
structure of matter. Toward the end of the century 
came the discovery of the electron by J. J. Thomson, 
the observations on radioactive phenomena by Bec- 
querel, Mme. Curie, and Rutherford and Soddy, and 
the quantum theory of Planck. In 1911-1912 
Rutherford set forth his nuclear theory which forms 
the basis of our present views on the nature of atomic 
structure, and in 1913 there were published Bohr’s 
epoch making ideas on the origin of spectral lines 
that represented a fusion of Rutherford’s nuclear 
model with Planck’s atomistic vicws on the nature of 
radiant energy. 


THE NUCLEAR ATOM 


Consider briefly the essential features of the 
Rutherford-Bohr atom model. Within a sphere of 
radius ranging from 0.5 to 8 X 1078 cm. there are 
N electrons moving about in a field of force due to 
the positive charge + Ne (where e is the charge on an 
electron) on a nucleus of infinitesimally small dimen- 
sions located at the center of the atom. From obser- 
vations on the collisions between alpha particles 
(nuclei of helium atoms) and atoms of various ele- 
ments, it is known that the actual diameter of the 
nucleus is about 10~° of that of the atom, and since 
the mass of the electron is only 1/js35 of that of the 
H atom, although the highest value of N for any 
element is 92, approximately the whole mass of the 
atom must be concentrated in the nucleus. 


Written especially for ELECTRICAL ENGINEERING, based upon an address given 
before a joint meeting of the A.I.E.E. Springfield Section and the Engineering 
Society of Western Massachusetts, at Springfield, Mass., Feb. 18, 1936. 
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The value of NV varies from 1 for H, 2 for He, 3 
for Li, and so on up to 92 for U, and corresponds to 
the order of the element in the Periodic Arrange- 
ment. It is possible to have 2 or more atomic species 
that are identical in value of N, but differ in the 
values of the atomic mass A. Such atoms, whichcorre- 
spond to the same chemical element (that is, have 
the identical place in the Periodic Arrangement), 
are known as isoiopes. Nearly all the elements have 
been found to possess 2 or more isotopes. For in- 
stance, tin has 11 isotopes, hydrogen 3, oxygen 3, 
and mercury 5. The notation adopted for these 
isotopes consists in writing the chemical symbol 
with an index in the upper right hand corner to indi- 
cate the mass and a second index in the lower left 
hand (or right hand) corner to-indicate the value of 
N. Thus the 3 isotopes of hydrogen and oxygen are 
designated by ,H!, ,H?, iH’, and ,07%, sO”, ,0%, 
respectively, where the values of N are 1 and 8 for 
H and O, respectively. 


RADIOACTIVE PHENOMENA 


In 1896 Becquerel observed that uranium salts 
emit a peculiar type of radiation which, like x-rays, 
can affect a photograph plate enclosed in a light tight 
box. Two years later Mme. Curie isolated radium, 
and other investigators discovered more elements 
that exhibited similar phenomena. In 1903 Ruther- 
ford and Soddy set forth their theory of spontaneous 
disintegration of radio-elements and showed that this 
process is accompanied by the expulsion of 2 types of | 
particle, designated as alpha (a) and beta (8) par- 
ticles, respectively. Whereas these particles could 
be deflected by a magnetic field, in opposite direc- 
tions, a third type of radiation, designated as gamma 
(vy) rays was found to be unaffected by magnetic 
fields. 

As an illustration of the successive transformations 
exhibited by the radioactive elements, Table I shows 
the successive disintegration products derived from 
radium.’ The third column gives the value of the 
atomic number and the next column the “half- 
period,’’? which, as may be observed, varies from 
10~® second to 1,590 years. 

The final product of the series is Pb, and it may be 
observed that the series furnishes several cases of 
isotopic atoms. 

We know now that the a particles are identical with 
the nuclei of helium atoms, that is, ~He*, whereas 
the 8 particles are high speed electrons (é@) with ve- 
locities approaching that of light. These particles 
are emitted from the nuclei, as evidenced by their 
extremely high kinetic energies, so that spontaneous 
disintegration is a phenomenon characteristic of the 
nuclei of radioactive atoms. 

Since the demonstration by v. Laue (1913) of 
the wave nature of X rays, it has been found that 
y rays are of the same nature, but of much shorter 
wavelengths. The relation between the minimum 
wavelength of X radiation and the potential differ- 
ence through which electrons have to be accelerated 


1, Smithsonian Physical Tables, 8th Ed., Washington, 1933, p. 517. 


2. : By “half period”’ is meant the interval of time required for the spontaneous 
disintegration of one half of the initial amount of a given atomic species, 
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in an X ray tube in order to produce the radiation, 
is given by Einstein’s equation 


hy = hc/X = Ve = (3/)uv? : (1) 
where 
é€ = charge on electron = 4.770 X 107!° electrostatic unit? 
uw = mass of electron = 9.04 X 10-8 gram 
h = Planck’s constant = 6.547 X 1077 erg. sec. 
¢ = velocity of light = 2.998 & 107!°cm. sec.7! 
v = velocity of electrons 
vy = frequency of radiation 


~ 
| 


= wavelength of radiation 


‘Expressing \ in centimeters, and V in ordinary 
volts, this relation becomes 


A = 12,3386 X 10-8/V (cm. volt—). 


Thus, X rays produced by electrons of 100,000 
volts energy have a wavelength of 0.1234 A° or 
723.4 XU (1 A> =-10* XU = 1078 cm.). -How- 
ever, the shortest y rays known have a wavelength 
of about 5 XU, corresponding to electrons that have 


Table I—Disintegration Products of Radium 


Type of End 
Element Symbol N ay Emission Product 
BRAGAUTN sr )e .cjs,iesere Riau? coarse BSiateretefe 1590 years ..... Cero Ro 
SG arene SD TOSIAAVSu at cle-s OK tote RaA 
B48 3.05 minutes....a@..... RaB 
Soins 26.8 minutes.... 6...... RaC 
SSiociie TO SZamittittes\s ser. Bi2e-e ote RaC’ (0.9996) 
eae RaC” (0.0004) 
Radium C”,.5..... RaG eK SLR crs, 10-6 second ..... Cr eta RaD 
Cadi OPN sc cvavore RaGwaas Seeyctas TeS2zmindtesyacibseiae RaD 
PVACIUI DD. occ o's RAD. BQ ers 22 years... .. Biacerrs RaE 
Rladium Hes... 5 Rake... SSeere ee A Oldaysie clos. B2ae RaF 
Radium B.s.6. 33. Rak % 3.3. 84.0566. 140 days" "s%.1., teen RaG 
(Polonium)........ (Po) 
Radium G......... RaGs ns. 82 
((OCET Wosenceaainn (Pb) 


been accelerated through a potential difference of 
2.62 X 10° volts. Because of the relation between 
» and V, it is customary to designate y rays of a 
definite wavelength by the corresponding value of V, 
and then to speak of radiation of V eleciron volts 


(v.e.). 
EQUIVALENCE OF ENERGY AND MASS 


On the basis of Einstein’s theory of relativity, 
energy and mass are mutually convertible, in ac- 
cordance with the relation 


E = cm = 8.99 X 10?%m (ergs) ee (2) 


where m = mass in grams. 
This relation has been found to account very satis- 
factorily for the changes in mass that occur in spon- 


taneous disintegration of radioactive atoms and also, . 


as will be shown, in the case of artificial transmuta- 
tions. The mass that disappears is recovered in the 
form of kinetic energy of particles emitted or in that 
of gamma radiation. The relation also serves to 


3. Values of constants used in this article are taken from the publication by R. T. 
Birge, Phys. Rev. Supplement, v. 1 (1929), also in Smithsonian Physical Tables, 
8th Ed., pages 103-7. 
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indicate the magnitude of the energy involved in the 
formation of nuclei from their constituent units. 

Incidentally, Einstein’s relation is the explana- 
tion available at present for the emission of energy 
by the sun and stars. For every gram of mass Jost, 
there is emitted a quantity of energy which amounts 
to 25 X 10° kilowatt-hours; that is, the total energy 
of combustion of about 2,500 tons of hard coal. 
The sun actually is radiating out into space about 
4 X 10° tons per second, or 360,000 million tons per 
day. Yet in one million years, the sun has lost only 
about 7 per cent of its original mass. 

In dealing with nuclear disintegration phenomena 
it is convenient to express changes of mass in terms 
of electron volts. The conversion factor is derived 
as follows. 

For an element of unit atomic mass (the atomic 
mass of ,0!* is taken as 16), the mass of an individual 
atommis-1/N, = 1/(6.064"X 107) = 1,649 10s 
g, where N) = Avogadro’s constant = number of 
atoms per gram-atomic mass of any element. The 
energy equivalent (c?-m) is 1.483 X 107% ergs per 
atom. Since the kinetic energy of an electron ac- 
celerated through 1 volt, 


126, = o91 xX 10e eres; 


the disappearance of 1 unit of aiomic mass is equiva- 
lent to an energy evolution per atom of 


1.483 1073 

_ EE = 0.932 X 10° v.e. 

1591 exe l0 = 

Thatas, 

E = 0.932 X 10°Am (electron volts) (3) 


where Am is the change in atomic mass, or 


108 v.e. = 0.001073 unit of mass. 


In ordinary chemical reactions, where the amount 
of energy evolved is of the order of only a few elec- 
tron volts at most (1 v.e. corresponds to 23,054 calories 
per gram-atom) the change in mass equivalent to 
this energy is so infinitesimal as to be undetectable 
even by the most refined measurements. However, 
in the case of nuclear transmutations the energy 
changes involved are of the order of from 10° to 10’ 
v.e. or even higher, and Einstein’s relation has been 
found to be in satisfactory agreement with the 
results of observations. 


CONSTITUENTS OF THE NUCLEUS 


In 1919 Rutherford observed that protons, p, 
that is nucle of hydrogen atoms (,H'), are emitted 
when different atoms are bombarded by alpha par- 
ticles.* This was the first case of artificial transmu- 
tation of elements, and in view of his observations 
the conclusion was drawn that the fundamental 
units or “building blocks’’ of the nuclei are protons 
and electrons, while a union of 4p + 2@, constituting 
an alpha particle, might be regarded as a stable, 
intermediate unit of nuclear structure. 


4, These observations are discussed by Sir Ernest Rutherford, J. Chadwick and 
C. D. Ellis, in Raprations FROM RADIOACTIVE SUBSTANCES, The Macmillan 
Co., 1930; also by K. K. Darrow in The Bell System Technical Jl., v. 10, 
p. 628-55 (1931). 
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However, radically new observations during the 
past 4 years have completely changed the views on 
the structure of atomic nuclei. Under different con- 
ditions it is found that the nuclei also are able to 
emit the following particles.° 


1. Neutrons, which have approximately the same mass as protons 
but 0 electric charge (hence the symbol om! or 7). 

2. Positrons, which are positively charged particles of the same mass 
at the electron (designated by é). 


In addition, some theoretical physicists have 
brought forward valid reasons for assuming that 
there also exist in the nucleus the following: 


1. Neutrinos, that is, particles having a mass equal to or less than 
that of the electron or positron, but zevo charge, and 

2. Negatrons, that is, particles of the same mass as the proton, but 
negatively charged. 


At the present time the experimental evidence for 
the existence of either a neutrino or negatron is ex- 
tremely meager, but from a theoretical point of view 
there are fairly cogent arguments in favor of their 
acceptance. °® 

In view of the observations on the properties and 
mode of behavior of neutrons (which will be dis- 
cussed more fully in a subsequent section), it is the 
accepted point of view at present that the fundamen- 
tal units of nuclear structure are neutrons and protons, 
with the alpha particle (a union of 2n + 2p) as an 
intermediate unit. Table II’ shows the manner 
in which the nuclear structures are assumed to be 
built up, in the case of several of the elements of 
lower atomic number. 

With regard to the nuclear masses, there has been 
considerable discussion. On the one hand, there is 
the actual mass spectrographic data obtained by 
F. W. Aston and K. Bainbridge,* and on the other 
hand there are available energy relations between 
the nuclei as observed in disintegration phenomena. 
During the past year both H. Bethe® and, independ- 
ently, M. L. E. Oliphant, A. E. Kempton and Lord 
Rutherford’? have considered all the probable causes 
of errors, and reached conclusions, which are in sub- 
stantial agreement, regarding the vaJues for the 
nuclei of elements ranging from H to O. The values 
given in Table II by Pool are based upon those pub- 
lished by these investigators, and therefore un- 
doubtedly represent the best opinion available. 

All the isotopes as far as those for Na are given. 
For the elements of higher atomic number, only a 
few selected ones are given in the table, mostly to 
illustrate the application that has been made of the 
hypothetical negatron (indicated by 6). 

On the basis of Einstein’s equivalence relation, 
the mass defect of a nucleus actually is a measure of 


5. See the excellent review by K..K. Darrow, Tur Nucteus, The Bell System 
Technical Jl., v. 12, p. 288-330 (1933); v. 13, p. 105-58 (1934). 

6. See discussion of the neutrino in papers by G. Beck, International Conference 
on Physics, p. 31; and by C. D. Ellis, ib. p. 43. Arguments for the negatron are 
given by G. Gamow, ib. p. 60; also W. J. Henderson, Proc. Camb. Phil. Soc. 
v. 31, p. 285 (1935). 

7. M.L. Pool, ENERGIES AND PRopuctTs INVOLVED IN NUCLEAR DISINTEGRATION 
AND SYNTHESIS, Sigma Xi Symposium on the Nucleus of the Atom and its 
Structure, The Ohio Journal of Science, v. 35, p. 343-61 (1935). 

8. F. W. Aston, Mass-Specrra anv Isoropss, 1933, Nature, v. 135, p. 541 
(1935); K. Bainbridge, Jl. Franklin Inst., v. 215, p. 509 (1933); Phys. Rev. 
v. 43, p. 103, 424 (1933). Z ? 
9. Phys. Rev., v. 47, p. 633 (1935). 

10. Proc. Roy. Soc., A, v. 150, p. 241 (1935). 
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Table Il—Structures and Masses of Stable Nuclei 


Nucleus Structure Mass Nucleus Structure Mass 
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ihe energy of binding of the constituent neutrons and 
protons. If the value 1.0083 for the mass of the 
neutron, as recently deduced by J. Chadwick and M. 
Goldhaber (see subsequent discussion), be accepted, 
there may be deduced for example, the following 
conclusions. 


1 The dissociation of the nucleus of ‘‘heavy’’ hydrogen, the deu- 
teron (,;H?), would require an energy absorption corresponding to an 
increase in mass of 1.0081 + 1.0083 — 2.0142 = 0.0022 unit, that 
is 2.05 X 10®v.e. 


2. The energy of binding of 2m + 2 to form an a particle is 27.4 X 
105 v.e., corresponding to the decrease in mass of 2 (1.0081 + 1.0083) ~ 
— 4.0034 = 0.0294 unit. 


By similar arguments it is readily deduced that the © 
energy of binding of neutrons and protons in the 
formation of nuclei ranges from 2 or 3 million volts | 
to values which are 10 times as great, and even © 
higher. 

There seems to be some question regarding the 
stability of He*, since the structure assigned to it in 
Table II is out of line with those assigned to other 
nuclei. However, this is only one of the infinitely 
large number of yet unsolved problems in nuclear 
physics. 


RUTHERFORD’S EXPERIMENTS 
ON ARTIFICIAL TRANSMUTATION 


As mentioned already, Rutherford succeeded in 
1919 in producing the first case of artificial trans- 
mutation by bombarding nitrogen with a particles. 
Protons were found to be emitted with high speed.™ 
Similar observations were made with other nuclei. 
Table III shows some of the reactions observed and 
their interpretation on the basis of nuclear struc- 
tures. 

The reaction consists in the capture of the a 
particle followed by the ejection of a proton. Figure 
1 shows a photograph, taken by means of aC. T. R. 
Wilson expansion chamber, of such a transmutation. 2 
Inserting values for the nuclear masses, it is seen 
that in the bombardment of nitrogen there is a net 
increase of 0.001 unit of mass, corresponding to an 


11. For an account of these investigations see K. K. Darrow, The Bell System 
Technical Jl:, v. 10, p. 628-55 (1931). 


12. K.K. Darrow, loc. cit. 
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energy absorpiion of about 10° v.e. However, in the 
third reaction there is a net evolution of about 3 x 
10° v.e. Rutherford found that these transmutations 
could be carried out only with a particles having a 
kinetic energy in excess of 10° v.e. and that the effi- 
ciency is extremely Jow. Even for. a particles of 
energy of 8 X 10° v.e., “about 1 particle in 10° or 10° 
is able to effect a transformation in the nucleus of a 
light element.’’!% 


QUANTUM THEORY OF NUCLEAR DISINTEGRATION 


On the basis of Newtonian mechanics, no expla- 
nation of the observations on spontaneous disintegra- 
tion of nuclei could be suggested. However, the 
advent of the new quantum mechanics (1925-6) 
led to a very satisfactory interpretation, which was 
developed independently by R. W. Gurney and E. U. 
Condon" on the one hand, and G. Gamow” on the 
other. 

From the experiments on the scattering of a 
particles by atomic nuclei, it is concluded that the 
Coulomb field of repulsion must be valid for dis- 
tances as low as 107!” centimeters from the center 
of the nucleus. This means that for distances greater 


Table Ill—Transmutations by Alpha-Particle Bombardment 


mN¥4 + 2Het — > 3:0 + ,H! 

sanp + a — > f4danp + p 

14.0076 + 4.0034 = 17.0040 + 1.0081 — 0.0010 
wAl” + 2He4 — > uSi% 4+ HI 

Gannd + a — > jTann + p 

£510 + 2Het — > «C3 + 1H! 

2Qanp + a — > 38an+ Pp 


10.0146 + 4.0034 13.0069 + 1.0081 + 0.003 


than that, the potential energy function U for an 
a particle (V = 2) approaching the nucleus is repre- 
sented by a hyperbola (U = 2Ne?/x, where x is the 
distance from center of nucleus). Since, however, 
the a particle actually is a constituent of the nucleus, 
the potential energy function must decrease to zero 
and lower, corresponding to attraction, for x < 107” 
centimeters. In figure 2 the function U is indicated 
by the full curve, for the hyperbolic portion, and by 
the dotted line for the part nearer the nucleus. 

Now, classically, an a particle in the region I 
(figure 2) having a kinetic energy indicated by the 
height of the horizontal line £ in the figure, never can 
escape from the nucleus. But, on the basis of quan- 
tum mechanics, there exists a defintie probability for 
the penetration of the a particle through the barrier. 
The theory shows that the probability for the occur- 
rence of this “‘tunnelling effect’’ should increase ex- 
ponentially with decrease in both the value of 
U, — E and the width of the barrier at the height £ 
(where U,, is the maximum value of U). 

To test this theory, Gurney and Condon calcu- 
lated the relative periods of Ur, RaA and RaC’ 
from the observed values for the kinetic energies of 


13. Lord Rutherford, INTERNATIONAL CONFERENCE ON Puysics, Lonpon 1934, 
p. 11; Physical Soc. London, 1935. 


14. Phys. Rev., v. 33, p. 127 (1929). 
15. Zeits. f. Physik., v. 51, p. 204 (1928). 
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the emitted a particles. The horizontal lines in 
figure 2 have been drawn at the corresponding values 
of £, and on the basis of the theory the values of 7 
(the half-period as given in Table I) should decrease 
in passing from Ur through RaA to RaC’ according 
to definite ratios. The agreement between the ratios 
thus calculated and those observed was found to be 
very satisfactory. 

The theory subsequently was extended by Gamow 
to the prediction that there also exists a small prob- 
ability for the penetration into the nucleus by a particle 
of relatively low energy, such as might be obtained 
by accelerating a proton or deuteron through a 
potential difference of only 100,000 volts. 


TRANSMUTATIONS PRODUCED 
BY PROTONS AND DEUTERONS 


While Gamow’s conclusions have not been con- 
firmed quantitatively, the qualitative results have 
been in signal agreement. Since the first experi- 
ments of this nature by J. D. Cockcroft and E. T. S. 
Walton in Cambridge, England, many other investi- 
gators both in America and abroad have been in- 
terested in developing equipment by means of which 
streams of protons or deuterons can be obtained 
both at high velocities and in copious numbers. 
While Cockcroft and Walton, H. R. Crane and C. C. 
Lauritsen of the California Institute of Technology, 
and others have used high voltage direct current 
generating apparatus, E. O. Lawrence of the Uni- 
versity of California (Berkeley) has developed the 
so-called cyclotron, in which the ions are given suc- 
cessive increments in kinetic energy by a special 
arrangement of a powerful magnetic field and high 
frequency circuit of relatively low voltage. Further- 
more, R. V. Van de Graaff, of Massachusetts Insti- 
tute of Technology, has been working on a high volt- 
age static machine by which it is expected to generate 
potentials as high as 10 X 10° volts, and other 


Fig. 1. Transmutation of a nitrogen atom attended 
by capture of the impinging alpha-particle (P. S. 
Blackett) 


machines of a similar nature are under construction 
in other laboratories. 

In their earliest experiments, carried out in 1932, 
Cockcroft and Walton used a stream of protons ac- 
celerated through a potential difference of only about 
300,000 volts. When these were projected at nuclei 
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of lithium atoms, the emission of high speed a 
particles was observed in accordance with the first 
equation in Table IV. The 2 a particles are emitted 
simultaneously, and have a kinetic energy of 8.5 X 
10° v.e. per particle. This would correspond to a cal- 
culated decrease in mass, in the reaction, of 0.0182 
unit (see last column of Table IV), whereas the 


Fig. 2. Po- 
tential energy 
curve for alpha 
particle in nu- 
cleus of radio- 
active atom 


decrease in mass calculated from the nuclear masses 
(as given in Table II) is 0.0183. Thus, the agree- 
ment is excellent. 

Figure 3 shows the observations made by 3 differ- 
ent sets of investigators!® on the rate of production 
of a particles as a function of the energy of incident 
protons. Even at as low as 30,000 volts there are 
some disintegrations, but the efficiency of disintegra- 
tion increases rapidly with increase in voltage. The 
absolute yields, or the number of disintegrations 
per 10° protons are stated by Henderson to be as 
follows: 2.0 at 250,000 volts, 10.2 at 500,000 volts 
and 40 at 1,000,000 volts. 

Table IV contains a list of similar disintegrations 
produced by bombarding nuclei of atoms other than 
those of Li. According to Livingston and Lawrence!’ 
there is evidence that ‘‘the energy of bombarding 
protons requisite for nuclear penetration is approxi- 
mately proportional to the atomic number.” 

It also is worth noting that H. R. Crane, C. C. 
Lauritsen, and A. Soltan!® have succeeded in using 
high speed helium ions to produce transmutations 
in which neutrons were emitted. 

As mentioned already, deuterons (,H’) also have 
been used by investigators, especially since supplies 
of “heavy’”’ water have become available. In these 
cases, neutrons are obtained along with a particles. 
A few such reactions are shown in Table IV. The 
data in the last 2 columns of this table are taken 
from the paper by Oliphant, Kempton, and Lord 
Rutherford,!® and show the very good agreement 
obtained between observed values of energy evolved 
and the decrease in mass calculated on the basis of 
the values given in Table II. 


THE NEUTRON”? 


Earlier observations made by German investiga- 
tors on an extremely penetrating ‘‘radiation’’ ob- 
tained from the bombardment of Be atoms by a 
particles from Po were repeated early in 1932 by 


16. J. D. Cockcroft and E. T.S. Walton, Proc. Roy. Soc. A, v. 137, p. 229 (1932); 
v. 136, p 619 (1932); v. 129, p. 477 (1930). ; 
E. O. Lawrence, M. S. Livingston and White, Phys. Rev., v. 42, p. 150 (1932): 
M. C. Henderson, Phys. Rev., v. 43, p. 98 (1933). i 


17. Phys. Rev., v. 43, p. 369 (1933). 

18. Phys. Rev., v. 44, p. 514 (1938); v. 45, p. 507 (1934). 

19. Loe. cit. 

20. J. Chadwick, THe Neutron, Proc. Roy. Soc. A, v. 142, p. 1-25 (1933). 


764 


Irene Curie, the daughter of Mme. Curie, and her 
husband F. Joliot. They concluded that the radia- 
tion consists of extremely short wave gamma rays. 
Thereupon J. Chadwick also took up the problem, 
and on Feb. 27, 1932, he reported his conclusion 
that these radiations consist of a new type of particle 
which he designated as the neutron. EB 

According to Chadwick’s view, the reaction in- 
volved in the bombardment of Be nuclei by «@ par- 
ticles is of the form shown in equation 1 of Table V._ 

The neutrons themselves, because they have no 
electric charge, produce no ionization and no visible 
tracks in the C. T. R. Wilson expansion chamber. 
Therefore, the only method by which they may be 
detected is by the high speed nuclei which they 
eject by collision. That such collisions are relatively 
infrequent is evident from the fact that a proton of 
velocity 3 X 10° centimeters-sec.~+ travels about one 
foot in air, while a neutron of the same velocity will 
travel, on the average, about 1,800 feet before losing 
its energy by collosion with a nitrogen nucleus, 
Even in passing through such a dense material as 
lead, only about 13 per cent of the incident neutrons 
are absorbed by one centimeter thickness. These 
and similar observations have led J. R. Dunning 
and G. B. Pegram to the conclusion?! that the col- 
Jision radius of the neutron is about 1.3 xX 10748 
centimeters. 

Neutrons also have been obtained by bombard- 
ment of other nuclei with a particles, as shown in 
Table V. In each case the resulting nucleus has a 
charge 2 units higher and an atomic mass 3 units — 


Table |V—Transmutations by High Speed Protons and | 
Deuterons 


Am = 


Am 
Reaction Nuclear Change (Table II) E/c?2 


(@) Lites He — > 2Het anpn +p ——> 2a 0.0183 0.0182 
(2) Be? + H!——> Lif + Het 2an+p — > anp+a 0.0022 0.0022 
(3) Bll + H1——> 3He! 2anpn + p ——>3a 0.0088 0.0090 
(4) F® + H!1—_>06+4 Het 4dannp +p ——> (4a) + @ 0.0078 
(5) Lis + H2-—> 2He! anp+np —>2a 0.0236 0.0237 
(6) Lis + H2»1Li7 + HI anp+np —>anpn+0.0055 0.0053 
(7) Be? + H2—> Li? + Het 2an+np — >» anpn+a0.0077 0.0077 
(8) Be? + H2——>» B+ 1 2an+np —>2anp+n0.0054 0.0053 
(9) Li? + H2—> 2He4+ 2! anpn+np —>2at+n 0.0161 0.0156 
(10) C12 + H2_p»N18 + 1 Sa np => Sap See ee 
(11) BU + H*—>» C124 1 2anpn + np —> (8a) +n 0.0133 ...... 
higher than that of the bombarded nucleus. The 


emission of neutrons often is accompanied by the 
emission of protons, as shown in Table III. Further- 
more, as indicated previously, neutrons also have 
been obtained as a result of bombarding nuclei with 
high speed deuterons (see Table IV) and with helium 
ions. 

It should be mentioned that the nuclei N44, and 
Na”’, referred to respectively in equation 10 of Table 
III and equation 3 of Table V, are unstable nuclei. 
As will be pointed out in a subsequent section these 
are intermediate states in the artificial production of 
radioactivity. 


21. Phys. Rev., v. 43, 497 (1933). 


ELECTRICAL ENGINEERING 


From his investigations in 1932, Chadwick de- 
duced for the mass of the neutron the value 1.0067, 
which is less than the mass of the proton (1.0081). 
E. O. Lawrence derived a still smaller value (1.0006), 
while Curie and Joliot favored a much larger vaJue 
(1.012). During the past few months J. Chadwick 
and M. Goldhaber?? have made a fresh determination 
by using the observations on the disintegration of 
deuterons by gamma rays. 

In presence of gamma rays from ThC” (A = 4.710 
xX 1071! centimeters and corresponding energy, hv 
= 2.62 X 10° v.e.), deuterons are decomposed into 
neutrons and protons. If W denote the energy re- 
quired to dissociate the deuteron in accordance with 
the reaction 


H? —~> H! + ni — W/c? 


then the excess energy, fvy-W, must appear in the 
form of kinetic energy of neutrons and protons. 
Since actual observation shows that hy-W = 0.52 X 
10° v.e., it follows that W = 2.1 X 10° v.e., and W/c? 
= (.00225 unit of mass. Hence, 


2.0142 — 1.0081 + 0.00225 
1.00835. 


nt 


ia 


This conclusion is in agreement with the generally 
accepted view that the neutron is an elementary 
stable particle, and that nuclei are built up of neu- 
trons and protons as fundamental units. On this 
basis, it should require absorption of energy to de- 
compose either of the particles with formation of the 
other. This conclusion is readily made evident by 
considering the possible reactions. 


(1) Hi—>nt+eé— Am, 
(2) n’ —> Me +e— Am. 


In these equations, Am, and Am, each must be 
greater than zero in order that H! and m' shall be 
stable. Assuming that the mass of e is the same as 


Table W—Production of Neutrons by Alpha Particles 


——— 


(1) Be? + Het —> CP + 21 
2an + a — > (3a) +2 

(2) BU+ Het —> N¥ + x11 
2anpn + a—> 3anp + 12 

(3) F9 + Het ——>» Na?? + n!} 
4annp + a— > 5anp + 12 


that of é, that is 0.00055, and accepting the value 
1.0083 for 7}, it follows that* 


0.00078, corresponding to 7.27 X 10° ve and 
0.00032, that is, 2.98 10° ve 


Am, 
Ame 


The neutron has proved a useful tool in transmu- 
tation of nuclei. N. Feather?’ observed the trans- 
mutation indicated by the reaction, 


N+ gn! —> ,B" + oHet, 
which is the reverse of the mode of formation of 
neutrons by bombardment of nuclei with high speed 


22. Proc. of Roy. Soc. A, v. 151, 479 (1935). 
23. Proc. Roy. Soc. A, v. 136, p. 709 (1932). 
* See note at end of article. 
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a particles. By collision with the nuclei ,01%, «C’* 
and ,)Ne2°, the latter are transmuted into ,.C?%, 
sBe® and sO" respectively, with ejection of a particles. 

Because it is infinitesimally small and has no 
charge, the neutron can penetrate the potential 
barriers of the heavier nuclei and thus produce 
transmutations which are not possible with charged 


x COCKROFT AND WALTON 


900 Oo LAWRENCE, LIVINGSTON 
AND WHI 


@ HENDERSON 


NUMBER OF PARTICLES PER MINUTE PER 1079 AMPERES 
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Fig. 3. Variation with proton energy of rate of 
disintegration of lithium atoms 


particles such (as ;Higw 12s or giles 3b ae P eiiicesias 
found that out of 60 elements which he has investi- 
gated, it was possible by this method to obtain trans- 
mutation in 40 cases. 

There is considerable evidence that in these ex- 
periments, and similar ones carried out by other in- 
vestigators, the neutron is captured by the nucleus 
with the resulting formation of an unstable atom, 
or capture is followed by a particle (or proton) 
emission. 


THE POSITRON 


The discovery of the positron in 1932 by C. D. 
Anderson”? of the California Institute of Technology, 
was the by-product of an investigation on the na- 
ture of cosmic rays. An expansion chamber was set 
up surrounded by a magnetic field parallel to the axis 
of the chamber. Thus any charged particles pro- 
duced by the rays would be deflected in the field 
and oppositely charged particles would be deflected 
in opposite directions. If e/u denotes the ratio of 
charge to mass, v the velocity of the particle, and H 
the magnetic field strength, the radius of curvature 
of the path, p, is given by the relation 


24. INTERNATIONAL CONFERENCE ON Puysics, p. 75, 1934. 
25. Phys. Rev., v. 43, p. 491-94 (1933). 


Moreover, Anderson inserted in the expansion 
chamber a plate of lead, 6 millimeters thick, to act 
as a batrier by which any particles liberated by the 
cosmic rays would be stopped or slowed down. 
“Tn August 1932,” he states, “a photograph was 
obtained which showed clearly a particle of positive 
charge passing through the plate of lead and emerg- 
ing with a lower energy. The evidence presented 
by this photograph was so clear-cut that after the 
negative film was removed from the developing 
bath and before it was dry, we reached the conclusion 
that this particle might represent a positive elec- 
tron; ”° 

Figure 4 is a reproduction of this photograph 
which is the birth certificate, as it were, of the 
positron. In March 1933, P. M. S. Blackett and 
G. P. S. Occhialini in Cambridge, England, con- 
firmed Anderson’s observations, and then together 
with J. Chadwick showed that positrons are produced 
not only by cosmic rays but in the course of artificial 
transmutation by use of «a particles. Anderson ob- 
served that positive and negative electrons are 
formed from cosmic rays in pairs, the range of elec- 
tron velocities being from 60 to 5,000 X 10° v.e. and 
that of positrons from 120 to 2,700 X 10° ve. 

The most interesting mode of formation of posi- 
trons is that observed by Anderson and Nedder- 
meyer?’ in which the characteristic gamma rays of 
ThC” (energy = 2.6 X 10° v.e.) produce positive and 
negative electrons in pairs. Figure 5 shows the tracks 
of such an electron pair in argon. In this case there 
is a conversion of radiation into material particles. 
That is, hv 2c?-u, where hy is the energy of the 
photons of gamima radiation and yw is the mass of 
either electron or positron. 

On this basis the energy required should be ap- 
proximately 10° v.e., and actual observation shows 
that photons with an energy less than this do not 
undergo the transformation. 

Furthermore, the laws of conservation of energy 
and momentum require the presence of a nucleus at 
which such a transformation of radiation into matter 
can occur, so that this process is impossible in empty 
space. 

The discovery of the positron also confirmed a 
mathematical prediction made by Dirac in the form 
of an equation, known as the Dirac Electron Equa- 
tion. As Anderson points out,’§ “This equation 
proved remarkably successful in solving a variety of 
problems that hitherto had baffled the theorists; 
but it contained one very striking feature that was 
a source of considerable annoyance. It required that 
under certain conditions electrons should have a 
negative energy and negative mass; they should have 
less than zero energy and weigh less than nothing. 
Dirac considered each point in space, including 
empty space or a perfect vacuum, to be ‘filled’ 
with an infinity of such negative energy electrons. 
He also made the assumption that these negative 
mass electrons. were unobservable and it was a 
property of free space that they should be there. 
Dirac stated in 1930 that if one of these electrons 


26. 
27. 
28. 


General Electric Review, v. 37, p. 534-40 (1934), 
Phys. Rev., v. 43, p. 1034 (1933). 
Loc. cit. 
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should be removed, the ‘hole’ in space that remained 
would manifest itself as an electron of positive elec- 
trical charge and of positive mass and energy. The 
logic is perfect, for taking away less than nothing 
from space is equivalent to putting something 
there.”’ 

The theory of Dirac requires that the life of the 
positron should be very short, less than 10~° sec. 


Fig. 4. Track of a positive 
electron which has passed 
through a lead plate 


When a positron meets an electron, both particles 
suffer complete annihilation, and their mass is re- 
placed by the energy of 2 gamma ray photons— 
another instance of the validity of Einstein’s mass- 
energy equivalence relation. 


INDUCED RADIOACTIVITY? 


Curie and Joliot observed in 1933 that when 
boron is bombarded by alpha particles, alternative 


reactions may occur: either a proton may be emitted, 


as observed by Rutherford, or a neutron and posi-— 


tron, as though a proton had been dissociated. In 
1934 the same investigators found that the emission 


of positrons persists even after the alpha particle bom- 
bardment ceases. 


to the formation of an unstable intermediate product 
(N1%) according to the following scheme: 


5B1° + »Het >} 7N 13 + on! 
Then 
NB —> ,Ci3 + ¢ 


This, the first instance of induced radioactivity, 
has been followed up since then by a large number of 


similar observations in which not only alpha par-_ 


ticles, but also neutrons, protons, and deuterons 
have been used as bombarding particles. 

Thus, E. O. Lawrence, M. C. Henderson, and 
5. M. Livingston observed that radio-nitrogen (the 


designation for the ;N! atom) can be formed by the 
reactions: 


1H? + 5C!? —> (N}3 + gn} 
and 
iH? + .C12 —> NB, 


\ When deuterons are used, the reaction consists 
in the majority of cases in the capture of the neutron 


29. 


£. O, Lawrence, Sigma Xi Symposium, pp. 388-405 (1935). 
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They attributed this phenomenon ~ 


and the emission of a high speed proton, as for in- 
stance in the formation of radio-sodium (an un- 
stable atom which has a half-life of 15 hours) and 
in that of radio-phosphorus (for which the half-life 
is 14 days). The reactions in these 2 cases are as 
follows: 


(1) iH? + wNa?? —> ,,Na*4 + ,H! 
uNa*! (radio-active) —> »Mg*t + é@ 
(2) ,H? + ,sP3! —~> ,,P%? + ,H} 
13P32 (radio-active) —> 16S*? + @. 


In the first case the emitted beta particle has an 
energy of 3 million volts, and in the second case, 
1.7 million volts. 

In the case of the heavier elements, E. Fermi and 
his associates*® have succeeded in obtaining several 
radio-elements by neutron bombardment. As 
pointed out previously, the neutron can penetrate 
the nuclei of atoms of higher atomic number where 
charged particles are unable to do so because of the 
presence of a potential barrier. 

The neutrons may be generated by collisions of 
photons with nuclei of beryllium or deuterium, as 
in the case of the gamma rays from ThC”. Thus A. 
Brasch, F. Lange and A. Waly*! have shown that 
X rays of from 2 to 3 million volt energy in presence 
of beryllium are capable of producing radio active 
nuclei through the production of neutrons. 

It therefore seems possible, in view of these ob- 
servations and as a result of the intensive work in 
progress in this field at present, that in the near 
future there will be available several artificially 


Fig. 5. 
electrons, one positive and 
one negative, ejected down- 
ward from a plate of lead by 

gamma rays 


produced radio-elements which will compete com- 
mercially with radium. 

Table VI, compiled by M. L. Pool*®? from the 
paper by E. Fermi, gives a list of some of the radio- 
active atoms. The fourth and fifth columns give 
the energy and sign of the emitted particle, while 
the last column gives the method of production. 
Thus C!! is produced by the action of deuterons 
(d) on B'°, while N13 may be produced by one of 3 
30. Proc. Roy. Soc. A, v. 146, p. 483 (1934); also ib., v. 149, p. 522 (1935). 


31. Nature, v. 134, p. 880 (1934). 
32. Loc. cit. 
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Paths of a pair of 


methods: protons or deuterons on C!*, and a 
particles on B?. 

In conclusion we cannot do better than quote the 
comments by E. O. Lawrence on the “Utility of 
Artificial Radioactivity:’** 

“Now,” he writes, “that radioactive forms of 
many of the elements can be manufactured in the 
laboratory, many new avenues of research are 
opened up. It is reasonable to expect that artificial 


Table Wl—Synthesized Radioactive Nuclei 


— Ss 


Energy Sign of Method of 
Nucleus Structure Life of e Charge Production 
DEB. SPMD. esl code c's 6 5 achsiele ars Wate eC RII ie noeha ae aeT pLis; d(H?, B*) 
aHef..... ann 
gLio eae ap 
3Lib. ce. annpn ... 0.5 sec, 9.0 mV max —...dLi’7 
4Bel ..apnp 
aBe WR a2 alt it, 4! espn ay sco ayers sas 0.3 mV av .,—...dBe®; aLit 
5° eee 2ap 170, minv.< | 0.5. mV av: .e dt... ais 
sB2.....2annpn... 0.02 sec. ...11.0 mV max....—...dB 
~eCi1_ 2. 2Zapnp ... 20.0 min.... 1.3 mV max....+...dB! 
eCihenn, 3ann 
IN}38, cin 38ap Sern, Ube) Faken 1.5 mV max....+...pC}2; dCl2; aBte 
IN CEO ANP R ct SEOs ales Dawe Pale ace —...nF’ 
sOB ee Sapnp 126.0 sec 1.2 mV max....+...dN4 
308) eRe 4annn AO Qi NSCCA 2 Heme sie si iste, Tathae wre —...nF9 
9h Eee 4ap Ve LOYSOCR . ayereeea te acesat ace. sate alts +...aNi4 
OE 8 ee FORD > ~rerratavarsittecshar ota pranaiatete eialaatises elena cys uarors + 
VES 5 55 4annpn... 12.0 sec. ... 4.5 mV max....—...nNa’5; dF9 
LOIN 20 Memes ADMD. | (ie teeteareye claret te la Lede noteceteKaledetere (ereteas ths + 
SONG 29 any DL 16 22.98 098) oe OO) SCCan shetalelcuelv a feleledel ier Wein te! « —...n(Na23, Mg) 


radioactive substances will play a possibly more 
important réle in the physical and biological sciences 
in the not distant future than the natural radio- 
active substances have in the past. Certainly ex- 
tensive study of the artificia] radioactive substances 
will lead to a greatly enlarged understanding of 
atomic structure. But, more particularly, these new 
radioactive substances provide many and varied 
ideal sources of beta and gamma rays. For example, 
radio-phosphorus provides beta radiation free from 
gamma rays, that can be used conveniently for stud- 
ies of the behavior of high speed electrons in matter. 
Also some of the new radioactive substances give off 
gamma rays that are far more energetic and pene- 
trating than any from the natural radioactive sub- 
stances, and the use of these gamma ray sources un- 
doubtedly will lead to important advances in our 
knowledge of the interaction of radiation and mat- 
ter.” 


Note: Subsequent to completion of the typography of this paper 
there was published a comprehensive discussion on nuclear physics 
by H. A. Bethe and R. F. Bacher in Reviews of Modern Physics, 
volume 8, April 1936, page 82. The paper deals especially with the 
structures of atomic nuclei and the wave mechanics interpretation 
of the interaction of neutrons and protons. While no special table 
of nuclear masses is given, the authors assign the mass 1.00845 to 
the neutron instead of 1.0083 as given in this article. Also the 
masses assigned to some of the other nuclei are slightly different. 
However, this does not affect the validity of the argument given in 
the present article for the conclusion that the neutron is an elemen- 
tary stable particle. The change in the value of the mass of the 
neutron would alter the value of Am, (deduced in the section on 
“The Neutron’) from 0.00078 to 0.00093 and that of Am, from 
0.00032 to 0.00017. 


337 moc cit: 
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Electrical Studies 
of Living Tissue 


Electrical studies of living frog and human 
tissues emphasize the fact that data obtained 
from electrophysiological studies of frogs 
cannot be applied directly to human be- 
ings. These studies show that frog tissue is 
practically equivalent to a pure resistance 
and that human tissue is equivalent to a re- 
sistance with relatively high shunt capaci- 
tance. These characteristics are believed 
to influence the response to minimal 
shocks. 


By 
A. G. CONRAD 


ASSOCIATE A.1L.E.E. 


B. R. TEARE 


ASSOCIATE A.1.E.E. 


H. W. HAGGARD 
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All of Yale University, 
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7» Nea aie dealing mainly with 
characteristics of living tissue as an electrical conduc- 
tor, the experimental data presented here are part of 
a much broader study of the physiology of fatal 
electric shock. The basic electrical characteristics 
of living tissue dealt with here are of fundamental 
importance in interpreting the effects produced by 
electricity, especially in regard to the frequency, 
intensity, and duration of the current applied. 

Although the response of living tissue to current 
impulses of various intensities and durations has 
been studied extensively by other workers in this 
field,‘-1* actual numerical values of applied current 
and voltage have not been determined exactly, be- 
cause of inadequacy in apparatus. Moreover, the 
influence of the electrical characteristics of the tissue 
upon response has not been fully investigated. The 
present paper deals with a study of both these fea- 
tures. It presents the results of: (1) an investiga- 
tion of the quantitative relation of current intensity 
and duration in producing response; and (2) a study 
of the electrical characteristics of living tissue as a 
conductor. 


GENERAL METHOD 


In studying the electrical characteristics of living 
tissue, a current wave of rectangular shape was 
applied to the tissue and the accompanying voltage 
wave was recorded. The essential characteristics of 
the tissue as a conductor were estimated from the 
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shape of the voltage wave. The numerical values of 
the constants involved were obtained by passing the 
same current impulse through a suitable circuit—an 
equivalent circuit—containing the necessary capaci- 
tance and resistance to permit duplication of the 
voltage wave. ; 

The use of a rectangular wave of current in study- 
ing the electrical characteristics of tissue as a con- 
ductor has certain advantages over the use of sinu- 
soidal alternating current as employed by previous 
workers :15-17(1) With sinusoidal current it is necessary 
to make a series of determinations at different fre- 
quencies before the analysis of the conductor can be 
made to establish its equivalent circuit; (2) the 
electrical response of living tissues customarily is 
studied in respect to single shocks, and therefore a 
method that establishes the electrical characteristics 
for single shocks can be employed simultaneously 
with such studies; and (8) the effects produced by 
polarization are taken into account to the extent 
that they occur under these conditions. 

Since none of the circuits previously  re- 
ported!!418-20 for supplying electrical impulses has 
been capable of furnishing to tissue that is not purely 
resistive an exactly rectangular current wave 
throughout the range of currents and durations 
desired, a special circuit was developed for this 


purpose. 
APPARATUS FOR SUPPLYING IMPULSES 


This circuit, the diagram of which is shown in 
figure 1, fulfills the following requirements: (1) It 
provides a current of rectangular wave shape, irre- 
spective of the nature of the electrical impedance of 
the tissue to which the current is applied; (2) it 
allows exact regulation of intensity and duration of 
the current waves; and (3) it affords a means of 
recording photographically the intensity, duration, 
and wave shape of either the current or the voltage. 

In this circuit a 5 element vacuum tube, the pen- 
tode P, operated on the saturated portion of its 
characteristic, maintains a constant flow of current 
regardless of the variation of voltage across the tissue 
at Z to which the current is applied. The tissue, the 
pentode P, and 2 batteries are in series when the 
shock is administered. The amount of current from 
anode to cathode, and hence through the tissue, is 
determined by the potential imparted to the screen 
and control grids of the pentode. For sufficiently 
high voltages on the plate of this pentode, the varia- 
tions in the impedance of the circuit, including the 
tissue, produces virtually no change in current. 

The duration of the impulse is controlled by 2 gas 
filled triodes, T and 7T,, which operate as switches to 
start and indirectly stop the flow of current. On 
pressing the key K, the grid potential of T, starts to 
rise at a rate determined by the resistance R; and the 
capacitance C,. When the voltage on the grids 
reaches a definite value the tube 7; suddenly becomes 
conductive, allowing a potential to be imparted to the 
A paper recommended for publication by the A.I.E.E. committee on instruments 
and measurements, and presented at the A.I.E.E. North Eastern District 
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: grids of the pentode P and the current to flow through 
the tissue at Z. 

The use of the gas-filled triode in starting the flow 
of current rather than the key K serves 2 purposes: 
(1) Irregularities in the current wave due to arcing 
and chattering at the mechanical switch are avoided; 
and (2) the brief but definite time elapsing between 
the closing of the switch and the flow of current 
through the triode allows the cathode ray spot of the 
oscillograph—started by the key K—to move a short 
distance from the starting point before the voltage 
wave is recorded. Fogging from the stationary spot 
thus is avoided, and a clearer photographic record is 
obtained. The time elapsing is controlled by the 
capacitance C, and the resistance Rs. The resistor 
R; serves to load tube 7) sufficiently so that the 
voltage across the tube is nearly independent of the 
current passing through it. 

The flow of current through the tissue at Z is 
stopped by a second gas filled triode 7, the operation 
of which is controlled by the resistance R and the 
capacitance C. On becoming conductive this tube, 
as arranged in the circuit, causes a sudden decrease 
in the potential applied to the grids of the pentode P 
rendering the tube nonconductive; the flow of cur- 
rent to the electrodes thus is interrupted. 

The time interval between the starting of 7) and 
7— the period during which the current flows through 


the electrodes—is that required for the voltage across’ 


capacitance C to build up from zero to a definite 
value depending upon the tube and circuit constants. 
This voltage is given by the equation 


t 
e=n(1~€%) 


where £ is the voltage across R;. If the value of e 
required to make tube 7) conduct is é, then the time 
required for e to reach this value is 


=a) 


Hence the time duration of the impulse is directly 
proportional to the resistance R. By using a decade 
box for the resistance R it becomes a simple matter 


to = RC log (5 


OSCILLOGRAPH 


Fig. 1. Circuit diagram of equip- 
ment for applying a current of 
rectangular wave shape to living 
issue 
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to obtain current impulses of precise and predeter- 
mined duration. 

The intensity of the current applied to the elec- 
trodes is controlled by the potential applied to the 
grid of the pentode P. This current may be deter- 
mined either before or after the impulse is applied by 
placing switches S, and $3 in position a, opening S; 
and closing key K. By this procedure both the 
electrodes and the anode of tube T are disconnected 
and an uninterrupted flow of current passes through 
the milliammeter A. Since the pentode P always is 
operated on the saturated portion of its character- 
istic, the current thus measured is the same as would 
flow through the electrodes with the same setting of 
the slide-wire rheostat Rj. 

The cathode ray oscillograph used for recording 
wave shape, intensity, and duration of voltage is’ 
connected as shown in figure 1. The horizontal, 
plates are connected across C, which is connected in. 
series with P;. When key K is closed, C; is charged 
at a uniform rate and thus the oscillograph beam is 
given a constant horizontal velocity. Switch S; is: 
used to connect the vertical deflecting plates of the 
oscillograph to either a 1,000 cycle oscillator to 
determine the horizontal speed of the beam, or to the 
amplifier. A photographic record of the moving 
spot is obtained on the film of a camera focused on 
the screen. 

When the switch S) is in position 6 and switches S3 
and Ss are each in position a, the electrodes are in 
series with the resistor R; and the input to the ampli- 
fier is connected across the electrodes. The input 
impedance to the amplifier is sufficiently high so that 
the current it draws is negligible. The vertical de- 
flection of the oscillograph beam is proportional to 
the voltage across the tissue. 

When S; is in position a and |S; is in position } the 
electrodes are in series with the resistor R, and the 
input to the amplifier is connected across Ry. The 
vertical deflection of the oscillograph beam is then 
proportional to the current through the tissue. The 
oscillograph is calibrated by means of the variable 
resistor Ry, and ammeter A. 

Figure 2 shows the current wave shapes recorded 
with the complete circuit as described. Each of the 
waves shown is for a time setting of 0.006 second and 


a current of 2 milliamperes. Wave a was obtained 
with a resistance of 100 ohms across the electrodes 
and wave 6 with a resistance of 10,000 ohms in 
parallel with a 0.8 microfarad capacitance. It may 
be observed that the shapes, heights, and durations 
of the current waves, are unaffected by this change 
in the impedance between the electrodes. 

Such changes in impedance, however, do alter the 
shape and height of the voltage wave recorded during 


Fig. 2. Current 
waves with (a) 
100 ohn in elec- 
trode circuit, and 
(b) 10,000 ohms 
in parallel with 
a capacitance of 
0.8 microfarads 
in the electrode 
circuit; 2 milli- 
amperes for 0.006 

second 


Fig. 3. Voltage 
wave produced 
by a rectangular 
current wave of 1 
milliampere for 
0.006 second on 
(a) a frog and (b) 
a 900 ohm re- 


sistor 


From 
the wave shapes of the voltage it becomes in turn 
possible to determine equivalent electrical circuits 


the passage of the rectangular current wave. 


that have similar impedance characteristics. While 
it is possible to obtain the constants of the equivalent 
circuit by calculation, it is convenient to determine 
them by a substitution method in which the voltage 
wave shape corresponding to the rectangular impulse 
through the tissue is compared with the voltage 
wave obtained when a circuit combination is sub- 
stituted for the tissue. The shape of the voltage 
wave indicates the appropriate circuit and a few 
trials usually suffice to obtain the correct magnitudes 
for the circuit elements. Moreover, this substitu- 
tion method seems preferable to one based upon 
calculation because any errors in the amplifier or 
oscillograph, such as nonlinearity, are effectively 
cancelled. 


ELECTRICAL CHARACTERISTICS OF FROG TISSUE 


Current impulses were applied to the intact frog or 
human tissue by means of saturated salt solutions 
connected to the circuit through platinum electrodes 
each having a total surface of 16 square centimeters. 
A series of tests indicated that it was unnecessary to 


770 


use a more elaborate arrangement of electrodes, 
since these, when bridged by a platinum strap, 
showed no voltage drop upon passage of the impulse 
currents, The use of copper, bronze, or other metal 
for electrodes, or the use of platinum in dimensions 
smaller than those employed, introduced errors. 
In applying current to frog tissue the pithed ani- 
mal was suspended so that its rear legs were im- 
mersed in the saline solution to within 1.5 centi- 
meters of their junction. Within 5 minutes, usually 
less, the resistance, which diminished slightly at 
first, became constant. This resistance was deter- 
mined by applying at frequent intervals impulses of 
equal current intensity. The first few impulses 
produced higher voltage waves than those of suc- 
ceeding shocks; but as the resistance became con- 
stant the voltage waves obtained were of constant 
height. While the resistance could be calculated 
from the height of the voltage wave in relation to the 
current applied, it was found more convenient, as 


Fig. 4. Time-in- 0 10 

tensity relation of 

current impulses 4, 

required to pro- 

duce minimal re- 

sponses in frogs’ 208 6 

legs (unskinned) = & 

and peak voltages 50454 vote 
developed = mT 

02 
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already noted, to observe the height of the voltage. 
wave against a calibrated screen and match it in 
height with a voltage wave produced by passing the. 
current through a known resistance inserted at X by 
throwing switch S, to position 6 (figure 1). 

The resistance found on frogs thus studied ranged 
between 700 and 1,300 ohms. Since these resist- 
ances were decidedly lower than those found on hu- 
man beings, the possibility that the frog’s skin might. 
be responsible for the differences led to the deter-. 
mination of the resistance of the skinned legs im- 
mersed to the same area. It was found that the 
skinned legs had approximately twice the resistance 
possessed by the unskinned legs. This indicates. 
that frog’s skin is a conductor of lower resistance 
than the underlying tissues. An opposite result was 
obtained in a similar experiment performed on a rat; 
moreover, in human beings needles inserted beneath 
the skin gave much lower values of resistance than 
those obtained with electrodes of comparable size 
applied to the surface of the skin. 

The shape of the voltage wave obtained for a cur- 
rent of 1 milliampere and a duration of 0.006 second 
on the intact frog’s legs is shown in figure 3a. The 
rectangular shape of the wave indicates the absence 
of any appreciable capacitance. Curve 3, figure 3 
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shows a corresponding voltage wave produced by an 
impulse of the same intensity and duration applied 
through a resistance of 900 ohms. The similarity of 
these curves indicates that from the standpoint of its 
total impedance frog tissue can be considered to have 
negligible capacitance. 

Further experiments were conducted on the frog 
to determine the relation between intensity and 
duration of current required to produce minimum 
muscular response. The data from one such series of 
determinations is shown as curve a, figure 4. The 
peak voltage required to produce these responses is 
shown by curve 0, figure 4. It will be observed that 
these peak voltages vary in approximately the same 
ratio as the current producing them; as may be seen 
later, a quite different result was obtained on human 
tissue. 


ELECTRICAL CHARACTERISTICS OF HUMAN TISSUE 


In applying the current impulses to human tissue 
the first and second fingers of one hand were im- 
mersed in the saline solution to an extent correspond- 
ing approximately to the immersed area of the legs 
of the frog used in the previous experiment. 

Repeated experiments indicated that the steady 
state resistance was not reached until 15 to 40 


Fig. 5. Voltage 
wave produced 
by a rectangular 
current wave of 
0.2 milliampere 
for 0.006 second 
on (a) human fin- 
gers and (b) a 
19,500 ohm re- 


sistance in parallel 


with an 0.08 mi- 
crofarad capaci- 
tance 


minutes had elapsed. On 6 subjects the resistance 
averaged 7,100 ohms. 

A voltage wave produced across human fingers by 
a current of 0.2 milliampere for 0.006 second is 
shown in figure 5a. The shape of this curve is dis- 
tinctly different from that obtained with the frog. 
It indicates the presence of considerable capacitance. 
Figure 55 shows a curve obtained with the same cur- 
rent wave applied to an equivalent circuit consisting 
of a resistance of 19,500 ohms shunted by a capaci- 
tance of 0.08 microfarad. 

The relationship between current and duration of 
impulse required to produce minimal response of 
human tissue was studied on 5 different subjects with 
a total of 114 determinations. In each case a con- 
stant depth of immersion of the fingers in the solution 
was maintained and determinations were made only 
after a steady state of resistance had been reached. 
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In determining the current required to produce 
minimal responses, impulses of the desired duration 
were sent through the fingers at frequent intervals; 
the sliding contact of the resistor Ri; was adjusted 
gradually between impulses so that the successive 
impulses became stronger. The subject, who could 
not see the key being opened or closed, was asked to 
indicate each time he felt a shock. The current then 
was varied up and down until the minimum current 
required to produce sensation was definitely es- 
tablished. 

The intensity-duration curves for current thus 
obtained from the 5 subjects are shown in figure 6. 
It is evident that for any one duration of impulse 
there is considerabie difference in the current in- 
tensity required to produce the minimum response in 
the different subjects. For each subject, however, 
the current intensity required for response at each 
duration is quite constant; repeated determinations 
over intervals of several days indicate a maximum 
variation of 6 per cent. The current waves of figure 
6 are similar to the curves reported by other investi- 
gators'14 and contribute little to present knowledge 
of minimal responses, except that in the experiments 
reported here the currents and duration are deter- 
mined accurately and the wave shape of the current 
impulses is maintained rectangular. 


Fig. 7. Voltage 
wave for minima| 
response pro- 
duced by current 
impulses of vari- 
ous durations 
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Fig. 6. Time-intensity relations of current impulses 
required to produce minimal responses in human 
fingers, and peak voltages developed 


In obtaining the intensity-duration curves shown 
in figure 6, the voltage wave of each impulse was 
recorded photographically from the oscillograph. 
The curves for peak voltage (figure 6), it may be 
noticed, are distinctly different from those obtained 
for frog’s tissue. For the frog the curve of voltage 
followed ‘proportionately the curve of current. 
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For human tissue the peak voltage was constant for 
any combination of current and time that produced a 
minimum sensory response. 

Figure 7 shows the voltage waves produced by a 
series of impulses of various durations each causing 
minimal response. The uniformity of the voltage 
peak can be observed. 

As previously observed, similar voltage measure- 
ments made when current was applied to the legs of 
the frog to produce minimal motor response did 
not show this same constancy of peak voltage. The 
same findings appeared when the current was applied 
directly to the nerve. Figure 8 shows the intensity- 
duration relation for current required to produce 
minimum motor responses with electrodes applied 
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to the sciatic nerve of a frog’s leg; it also shows the 
corresponding peak values of the voltage waves. 
The differences thus found in the response of frog 
and human tissues to rectangular current impulses 
may result from differences in the nature of the 
impedances of the tissues. Human tissue has a high 
capacitance and its approximate equivalent circuit 
consists of a capacitance connected in parallel with a 
resistance, as shown in figure 9a. 
equivalent circuit for living frog tissue is shown in 
figure 9b. The series resistance is about 10 times the 
parallel resistance. These proportions make the 
equivalent circuit of the frog very similar to a pure 
resistance. 


SUMMARY 


1. An apparatus is described by means of which a rectangular 
wave of current of any desired duration and intensity can be applied 
to living tissue. 


2. The apparatus includes a cathode ray oscillograph by means of 
which the intensity of the current and the wave shapes of the current 
and voltage can be recorded photographically. 


3. By means of the apparatus it is possible to analyze the electrical 
characteristics of living tissue, determine the impedance, and estab- 
lish analogous circuits. 


4. Frog tissue shows virtually no capacitance; human tissue shows 
a high capacitance. 


5. These characteristics of living flesh are believed to influeuce the 
time-intensity relations of response to minimal shock. In the frog 
the curve obtained for the peak of voltage for shocks of various 
intensities and durations producing minimal responses (motor), 
corresponds closely to the curve obtained for the current. In human 
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The approximate . 


$V 
(a) (b) 
L{f4 
Fig.9. Characteristic equivalent circuits of (a) human 
tissue and (b) frog tissue 


In the circuit (b) for the frog tissue, the capacitance is in parallel 
with only a small portion (10 per cent) of the total resistance, 
thereby making the circuit approximately resistive 


beings (sensory response) this relation does not exist; for all times 
measured the peak of voltage was constant irrespective of current 
intensity required to produce response. 


6. In the determinations of minimal response, the actual values of 
current and voltage applied are given. 

7. These studies emphasize the fact that the data obtained from 
electrophysiological studies of frogs cannot be interpreted as apply- 
ing directly to human beings. 
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Dial Switching of 
~ Connecticut Toll Calls 


The special application of step-by-step dial 
switching equipment to the handling of 
short distance toll telephone traffic was 
introduced in Connecticut in 1929, and has 
been extended gradually until at present 
approximately 46,000 toll messages per 
day, comprising 70 per cent of the traffic 
between exchanges in this area, are dis- 
patched over the 1,367 circuits of the dial 
switching network. The resulting service 
improvements and savings in operating 
efforts are discussed in this paper, and a 
brief description of the transmission and 
equipment characteristics of the system is 
given. 
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a ee dial switching, or dial tandem,’ 
system for handling short distance toll calls may 
be described as an arrangement of step-by-step dial 
selector groups located at various centers about an 
area, connected with suitable trunk circuits to one 
another and to the switchboards and dial terminal 
equipments of the associated telephone exchanges. 
The operators at these switchboards actuate the 
selectors by dialing to complete calls from their 
subscribers to subscribers in other exchanges and 
thereby obtain a direct connection to the sub- 
scriber terminal in dial exchanges, or through opera- 
tors at local switchboards in the manual exchanges. 
The connections may involve only one interexchange 
toll circuit unit, or they may require the end-to-end 
or tandem linking of 2 or more circuit units to 
establish the traffic path; the latter is made by the 
dial equipment without the assistance of inter- 
mediate operators. In addition, through supervision 
is given to the originating operator, the removal 
and replacement of the receiver of the called sub- 
scriber being shown by means of lamp signals. 
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The application of step-by-step dial equipment to 
the switching of toll calls is of rather recent origin, 
having been introduced for the first time on any 
considerable scale in 1926 in the territory in and 
about Los Angeles, Calif.’ 

In Connecticut, telephone subscribers served by 
manual switchboards are requested to give all 
station-to-station toll calls to the local operators, 
and all person-to-person calls to the toll operators. 
The local operators complete these calls over the 
tandem system where possible, or over direct ring- 
down trunks to other local switchboards. If no 
such routes are provided, the calls are passed to the 
toll operator for handling over the toll ringdown 
circuit network. In dial areas, both station-to- 
station and person-to-person calls are given by the 
subscriber to a common group of operators located 
at toll type switchboards, who use the tandem system 
for completing all types of calls to the exchanges 
for which tandem routes are provided. 

Dial tandem switching of toll traffic is particularly 
suitable in densely populated areas having a con- 
siderable amount of short distance toll traffic, and 
where much of this traffic terminates at dial sub- 
scriber stations. Conditions in Connecticut satisfy 
these essentials with an area of approximately 4,800 
square miles and a population of more than 1,600,000 
inhabitants reasonably well distributed over the 
territory. The greatest air line distance between 
telephone exchanges in the state barely exceeds 100 
miles. In the 75 telephone exchanges operated by 
The Southern New England Telephone Company and 
independent connecting companies, about 66,000 out- 
of-town telephone messages destined for subscribers 
in Connecticut or certain near-by exchanges in adjoin- 
ing states orginate during every business day. At the 
present time 11 of these 75 exchanges are served by 
dial equipment of the step-by-step type, and the re- 
mainder is served by manual switchboards of various 
types. The dial equipment generally is found in the 
large exchanges, and it provides telephone service for 
approximately 57 per cent of the subscriber stations 
inthe area. Only 5 of the 75 exchanges serve more 
than 10,000 telephone stations each, and the largest 
exchange (Hartford) serves less than 60,000 stations. 


BACKGROUND 


The introduction of the dial tandem method in 
Connecticut was not forced by the trunking problems 
commonly encountered in the larger metropolitan 
areas. It was introduced as an improvement in 
method, and was economically adopted at the time 
of general replacements accompanying an extensive 
program for dial conversion of manual telephones. 

Comprehensive studies comparing the dial tandem 
switching plan for handling short distance toll traffic 
with the former ringdown circuit methods, and also 
with a plan involving the then relatively new straight- 
forward trunking equipment? on a direct trunk basis, 
indicated service benefits and over-all savings favor- 
ing the dial tandem plan. It was decided, therefore, 
to introduce this plan gradually as the larger ex- 
changes were converted to dial operation. 

Short distance toll traffic formerly was handled 


by 1 of 2 distinct methods. The first, or local-opera- 
tor direct-circuit method, was used for station-to- 
station calls where the amount of traffic could justify 
direct circuit groups of the ringdown type between 
local switchboards of different exchanges. Before 
the introduction of the tandem system, approxi- 
mately 78 per cent of the short distance toll traffic 
was handled by this method, which is shown in 
figure 1. In this typical case the local operator 
in New Britain (a manual exchange), on receiving 
a call for a subscriber station in Middletown (a 
manual exchange), connected the calling subscriber to 
one of the direct ringdown circuits to that local 
switchboard and signaled the Middletown operator 
by ringing. The New Britain operator passed 
the number of the called station to the Middletown 
operator, who completed the connection. Both 
operators received lamp signals from their subscribers 
denoting the end of conversation. 

The second or toll board method was employed 
by toll operators for those station-to-station calls to 
exchanges to which the local operators had no 
direct circuits, and for person-to-person calls. In 
an example of one variation of this method, shown 
in figure 2, the New Britain local operator received 
a call from one of the local subscribers to Manchester, 
also a manual exchange, and dispatched it over a 
recording trunk to a New Britain toll operator, to 
whom the subscriber gave his own number and the 
number of the desired Manchester subscriber station. 
The New Britain toll operator, using a second cord, 
then plugged into an idie ringdown toll circuit to 
the Hartford toll board, which is the toll center for 
Manchester. The New Britain operator rang, and 
on answer of the Hartford toll operator, gave the 
desired Manchester station number. At the same 
time, over a call circuit, the New Britain toll oper- 
ator requested an operator at another position of the 
New Britain local switchboard to plug an idle toll 
switching trunk into the multiple jack of the calling 
subscriber’s line, and connected the second cord 
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also to this trunk, both operators releasing the first 
connection to the recording trunk. The Hartford 
toll operator in the meantime connected the toll 
circuit through another toll switching trunk to the 
Manchester local switchboard, where a local operator 
completed the connection to the called subscriber’s 
line, and the Hartford toll operator rang the called 
subscriber’s station. It will be seen that 5 operators 
were required to establish this connection. In many 
cases direct circuits were not available between toll 
switchboards, thus requiring another operator at an 
intermediate toll switchboard to connect 2 toll cir- 
cuits together for the traffic path and further com- 
plicating the establishment and discontinuance of 
the connection. 


TANDEM NETWORK 


The manner in which these connections are com- 
pleted through the dial tandem network is indicated 
in figure 3. New Britain and Middletown remain 
manual exchanges, but Manchester has been con- 
verted to dial operation. The New Britain local 
operator answers a subscriber in the usual manner, 
receives a call for a Middletown station, and con- 
nects the subscriber to a trunk terminating at a 
selector in the Hartford tandem center. The New 
Britain operator then takes the single ended dial 
cord with which the position is equipped, plugs it 
into the dial jack associated with the trunk, and dials — 
the digits 41, previously established as the code for 
Middletown. The tandem first selector‘ steps to 
the fourth level and is connected to a tandem second — 
selector that steps to the first level and selects an- 
idle trunk terminating in completing equipment of 
the jack ended straightforward type at the Middle- 
town switchboard. The Middletown local operator 
receives a lamp signal when the trunk is seized, and 
answers with a local cord modified for tandem use, 
automatically sending an order tone to New Britain. 
The Middletown operator then receives the called 
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Fig. 1. Diagram illustrating local-operator direct- 
circuit method of handling short distance toll traffic 


DIRECT RINGDOWN CIRCUIT 


Fig. 2. Diagram illustrating toll board method of 
handling short distance toll traffic 
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: Fig. 3. Diagram 
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number from the New Britain operator and completes 
the call to that subscriber’s line, ringing the called 
station. The answer of the called subscriber ex- 
tinguishes a lighted lamp associated with the New 
Britain operator’s cord. The end of conversation is 
indicated by the lighting of both lamps associated with 
the New Britain operator’s cord, and the connection 
is broken, releasing the interoffice circuits and 
automatically signaling the Middletown operator to 
disconnect her cord. A busy condition of the called 
subscriber’s line is indicated to the calling operator 
by a tone and visual flashing signal. The number of 
operators (2) involved in this call is the same as under 
the previous local-operator direct-circuit method, 
but circuit economies have been realized by the 
discontinuance of the New Britain-Middletown 
direct circuit group. 

If the call had been for a subscriber in the Man- 
chester dial office, the procedure would have been the 
same, except that the New Britain operator would 
have dialed the code 15 to select a trunk to the 
Manchester office, followed by the digits of the 
subscriber’s number, in this case 15-4567, and the 
dial equipment would have completed the connection 
with only one operator having been involved. A 
lamp associated with the New Britain operator’s 
cord would be extinguished when the Manchester 
subscriber answered, and both cord lamps would be 
lighted again at the end of conversation. A busy 
condition would be indicated to the New Britain 
operator by a tone signal and a flashing cord lamp. 

The opportunities afforded for faster and somewhat 
more accurate service and improved economy of 
operation by the dial tandem method in comparison 
with the local operator direct circuit and toll board 
methods may be perceived readily. 

The present scope of the Connecticut tandem sys- 
tem is shown in figures 4 and 5. Figure 4 shows all 
telephone exchanges in Connecticut and indicates 
the tandem switching toll centers, other toll centers, 
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and the remaining local offices of the toll tributary 
class. Trunk circuit groups of the tandem system. 
are shown. It should be noticed that in many in- 
stances the tandem centers are connected by groups. 
of trunk circuits of 2 grades, that is, terminal and 
‘via,’ the terminal grade being used for the shorter- 
calls, and the “‘via’’ grade being used for those longer- 
calls for which transmission considerations require 
a low loss circuit. The principles controlling- the use. 
of these 2 grades of intertandem trunks will be de-. 
veloped later in this paper. It is expected that all 
exchanges in Connecticut eventually will be con-. 
nected to the tandem system. 

The dial selectors of the tandem network are. 
located in dial equipped exchanges at natural switch- 
ing points throughout the area, where indicated by- 
junctions of the interexchange wire routes and the- 
general pattern of toll traffic flow. 

Figure 5 shows the entire tandem system, including- 
the arrangements of the switching selectors in the 
tandem centers and the assigments of the levels of 
the switch banks to the various trunk groups. First 
and second selectors provide sufficient flexibility of 
codes for the offices of the system. 

The following examples of codes assigned to the. 
Watertown office associated with the Waterbury- 
tandem center indicate the paths used for a few- 
representative calls: 
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TRAFFIC CONSIDERATIONS 


From the operating viewpoint, the dial tandem 
plan offers definite advantages of faster and some- 
what more accurate service, and savings 1n operating 
effort. 

The following is a summary of the Connecticut 
short distance toll traffic handled by the several 
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switchboard to the start of conversation averaged 
70 seconds for all toll calls. This average included 
the longer and more involved out-of-state calls as 
well as the short distance toll traffic. Under the 
present trunking arrangements this average inter- 
val has been reduced to 54 seconds. One important 
factor in this decrease is the direct handling by the 
local operators, over the tandem facilities, of much 


SPRINGFIELD, MASS. 


©) 


NEW LONDON 


O 


RIDGEFIELD 


O TRUMBULLO 


NEW T © 
Seam 
NORWAL 
O 
WICH Oa 


SAG 


Kl Oolld GREENWICH 


operating methods, comparing the period just before 
the introduction of the dial tandem plan with the 
present extent of tandem operation: 
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In 1928, before the introduction of dial tandem 
handling, the indicated interval from the receipt of 
the calling subscriber’s signal at the toll or local 
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Fig. 4. Map of Connecticut showing telephone 
exchanges and tandem trunk groups 


of the traffic that formerly required the toll board 
method; another is the use of the tandem facilities 
on much of the traffic handled at toll boards. 

The theoretical speed of dial tandem operation, 
from the receipt of the calling subscriber’s signal at 
the switchboard to the first ring on the called line, 
is 16 seconds for a call from a manual office to a 
subscriber in a connected dial office, and 20 seconds 
from a manual office to another manual office equip- 
ped with the cord ended straightforward type of 
tandem completing trunks. These intervals will vary 
slightly, depending on the number of digits of the 
tandem code. In applying these latter figures to 
actual traffic, it must be remembered that they do 
not include the time from the first ring on the called 
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) line to the answer of the called subscriber, which 
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usually is an appreciable interval. 

Greater accuracy is obtained by the reduction in 
the number of operators required in dispatching a 
call, with fewer possibilities for human error. 

Marked savings in operating effort with the tan- 
dem plan are apparent from the comparison made 
earlier in this paper of the tandem operating method 
with the local-operator direct-circuit and toll board 
methods. Savings are realized particularly where 
calls formerly requiring toll board handling now can 
be handled by the originating operator over the tan- 
dem network, and where that operator can dial 
directly to a called subscriber terminal in a distant 
dial office. 

The composite effect of tandem operation on the 
interexchange circuit network has been a slight in- 
crease in the number of circuit groups and also in 


the total number of circuits, assuming a common 
level of traffic. Various circuit economies have been 
possible with the tandem plan, but these have been 
overbalanced by the substitution of one-way tandem 
circuits, over which calls can be advanced in only 
one direction, for the former 2-way ringdown circuits. 
The one-way groups in the system are rather small, 
few exceeding 10 circuits and many having only 3 
or 4; consequently, the requirements of these groups 
for the desired probability of available traffic paths 
have resulted in the total of circuits in the 2 one-way 
groups between an office and the tandem center 
exceeding the circuits in the replaced 2-way group. 
Circuit terminal equipments providing for 2-way 
tandem operation are now under consideration, and 
they may be used more generally in the future. 
These equipments relatively would be more ex- 
pensive than the one-way equipments, but their 
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use might be justified particularly where the con- 
struction of addition interoffice wire facilities would 
otherwise be required for the one-way circuits. 

The 2-way circuits may be used to supplement the 
one-way circuits between certain offices, arranged 
as last choice for the operators involved; the com- 
bination affords nearly the same efficiency of circuit 
usage that is possible with an all 2-way circuit plan. 

Another factor increasing the circuits under the 
tandem plan has been the necessity for providing 
paths on a more liberal basis for the traffic formerly 
handled by the toll operators, but which now is 
completed directly by the local operators. Uniform 
handling of both out-of-town and local traffic by the 
local operators, involving the authorization of only 
one route to each called.exchange, requires this more 
liberal circuit availability. 

Circuit economies are found under the tandem 
plan in the elimination of most of the former direct 
circuit groups between local switchboards, and of 
many of the groups between toll switchboards, with 
the concentration of this traffic on the tandem cir- 
cuits. Some direct circuit groups have been main- 
tained between near-by local switchboards to avoid 
uneconomical ‘“‘back hauling”’ of traffic. Many of the 
toll switchboard ringdown circuits between ex- 
changes in the tandem area must be retained also, 
because toll operators in manual exchanges do not 
have access to the tandem network. 

Other circuit groups discontinued under the tan- 
dem plan were those used for the handling of re- 
cording traffic from toll tributary offices to their 
toll centers, where the toll center is also a tandem 
center. This traffic now is handled over the dial 
circuits from the tributary office to the tandem cen- 
ter, and the local operator dials a special code to 
secure a connection from the tandem selectors to 
the recording operators at the toll board. These 
toll operators, however, still retain the usual toll 
switching trunk groups to their tributary offices. It 
is not practicable to handle this toll switching traffic 
over the tandem completing trunk groups to the 
tributary offices, since the tandem circuits do not 
permit the operator to delay the start of ringing the 
calling subscriber as required on some calls, or to 
rering the subscriber. 

A considerable reduction in nonproductive circuit 
holding time is possible with the tandem method, 
due to the speed with which the originating operator 
is able to establish even the more involved connec- 
tions. The automatic release of the equipment fol- 
lowing disconnection by the originating operator also 
effects a saving in circuit usage. 

An advantage in administration of interoffice cir- 
cuit loads is the flexibility that is possible in routing 
the longer calls over the intertandem groups having 
the greatest spare capacity, without increasing 
operating labor or slowing up the service. For 
example, the operator at the Watertown office, which 
is connected to the Waterbury tandem center, might 
dial Rockville through Hartford directly, through 
Bristol and Hartford, or through New Haven and 
Hartford, although only one route, the most satis- 
factory from traffic and transmission standpoiuts, 
is authorized. Sometimes it is possible to delay 
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plant additions by rerouting traffic over other chan- 
nels, if transmission considerations permit. Under 
emergency conditions, such as cable failure, tandem 
codes may be changed to allow operators to switch 
their calls through other tandem centers and so 
avoid the circuits in trouble. 

A special development whereby outgoing trunks 
from the selectors of a particular tandem center are 
multiplied at the toll switchboard of that center 
enables the toll operators to complete calls to those 
trunks without dialing the one or 2 digits required 
of operators in the other offices. This has resulted 
in a saving of operating effort and some improvement 
in speed of service. 

Dials are provided at all switchboards connected 
to the tandem system, except certain manual switch- | 
boards in the Westchester County area adjacent to 
the Stamford tandem center. Incoming circuits 
from these few exchanges to the Stamford tandem 
selectors also appear at the Stamford dial “‘A”’ board, 
where the operator is called upon to dial the tandem 
code (and the called number in the case of a dial office) 
and then drops out of the connection. The call then 
is entirely under control of the originating manual 
operator. This is known as ‘‘intermediate dialing.”’ 

Very little difficulty has been experienced by 
operators in dialing the longer combinations of tan- 
dem code and dial subscriber numbers, although it 
is recognized that there may be a practical limit to 
the number of digits for efficient dialing. 

Connections between 2 offices, one of which is not 
associated with the dial tandem system, are estab- 
lished by the direct circuit method where practicable; 
otherwise they are established by the toll board 
method. In no case has the manual connection of a 
tandem circuit to a nontandem circuit been author- 
ized. 

The equipment provisions of the tandem system 
will not permit the originating operator to recall the 
operator in a called manual office over the original 
connection. Where such a recall is required, the 
originating operator must establish a second con- 
nection to the called operator. The called operator 
can signal to the calling operator by using the flashing 
recorder circuit where it is provided, or with the 
flashing facilities of the supervisor’s circuit. 


TRANSMISSION CONSIDERATIONS 


The transmission objective for these tandem con- 
nections is 23 decibels, which provides transmission 
of the standard obtaining in the usual very large 
multioffice exchange. This over-all limit is made 
up of the 2 tandem terminal losses plus the losses of 
the intertandem tie trunks. Tandem terminal loss is 
the sum of the attenuation loss from the tandem cen- 
ter to the outlying central office plus the average of 
the transmitting and receiving losses between that 
central office and the limiting subscriber in that ex- 
change. 

The intertandem tie trunks of the ‘‘via’’ grade are 
designed for an operating attenuation of 1.5 + 0.5 
decibels, using a terminal voice frequency repeater 
permanently associated with one end of each trunk, 
and 10 decibels is assigned for the tandem terminal 
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Fig. 6. Diagrams indicating normal transmission objective (bottom) and typical transmission losses (top and middle); 
losses are indicated in decibels 


loss. Normally only 2 intertandem tie trunks are 
allowed in any connection. As previously pointed 
out, these very high grade circuits are paralleled by 
other groups designed for use in terminal connections 
between the exchanges at the tandem centers, and 
for such other items as would not exceed an over-all 
transmission loss of 23 decibels. Figure 6 indicates 
the normal transmission objective and several actual 
conditions. 

A low grade ‘‘via’”’ group consisting of 16 gauge 
nonrepeatered cable facilities, in addition to the 
terminal group composed of 19 gauge nonre- 
peatered cable facilities, was found to be economical 
for use between Bridgeport and New Haven in 
switching such traffic as would not be permitted on 
the 19 gauge terminal group. Each toll connection 
is studied individually and its routing over the tandem 
system is approved only if the over-all loss does not 
exceed 23 decibels. Since the tandem terminal loss 
for some exchanges at present is less than 10 decibels, 
it is possible to approve certain items of traffic in- 
volving 3 intertandem circuits. 

Between New Haven and New London a separate 
terminal group of trunks cannot be justified. In- 
stead, the ‘‘via’”’ group, which operates at a loss of 
1.5 decibels on switched connections with a terminal 
repeater at New Haven, is used also for terminal 
business. In order to prevent exceeding the allow- 
able crosstalk level, and to provide a safe singing 
margin on calls involving New Haven subscribers, 
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these circuits are made suitable for terminal traffic 
by the insertion of a 3 decibel pad on the drop side 
of the repeaters at New Haven. 

It is normal practice in telephone work to use a 
line and equipment that provide an impedance of 
about 600 ohms at toll offices; however, the majority 
of outside facilities used in the tandem system have 
characteristic impedances of 1,500 ohms, and re- 
peating coils would be necessary in many instances 
to match the impedances. Since much of the 
traffic into a tandem center is switched to points 
beyond its exchange area, the amount of coil equip- 
ment required for through connections is minimized 
by placing the impedance correcting equipment be- 
tween the 1,500 ohm trunk and the subscriber lines 
in the local exchange at the tandem center. 

It is possible that as the tandem system is ex- 
tended it will be economical to use the dial-in ar- 
rangement of voice frequency repeaters to replace 
or supplement the terminal repeaters. The advan- 
tages of increased traffic capacity allowed by the 
pooling of a large number of repeaters at each of the 
centers, and the flexibility afforded for the various 
types of connections, will compensate for the lower 
gains occasioned by the use of the dial-in repeaters. 
Undoubtedly there will be a tendency to reduce the 
number of different types of loading, and therefore 
to make possible higher gains with the dial-in re- 
peaters because of better impedance matches be- 
tween any line and the compromise networks. 
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EQUIPMENT ITEMS 


The central office equipment of the tandem 
system includes selector switches, trunk terminal 
equipments, operators’ switchboards, and voice fre- 
quency repeaters. 

The selector switches known as toll preceding 
selectors are similar to the standard local step-by-step 
selectors used in dial central offices for completing 
local calls. .Certain refinements have been made to 
provide a visual, as well as audible, busy signal to 
the originating operators and an arrangement has 
been introduced for compensating tandem trunks 
to a standard 1,200 ohm circuit to equalize the fluxes 
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in all pulsing relays to the best condition. Calls 
are completed to local step-by-step offices through a 
train of switches designated “AB toll,’ consisting of 
toll transmission selectors, toll intermediate selec- 
tors, and connectors.’ Toll transmission selectors 
provide a means of matching impedances between 
tandem trunks and local subscribers’ lines with a 
repeating coil of proper ratio and a means for supply- 
ing battery current more efficiently to subscribers’ 
transmitters. The major functions of the toll trans- 
mission selector used for tandem completion are simi- 
lar to those of a regular toll transmission selector, 
except that the former causes machine ringing to start 
immediately without awaiting a ringing signal from 
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Fig. 7. Typical trunk equipment layout 


!D—Intermediate dial trunk equipment 
DT—Dial key dial trunk equipment 
C—Dial cord dialing trunk equipment 
J—Jack-ended straightforward tandem completing trunk 
equipment 
K—Cord-ended straightforward tandem completing trunk 
equipment 
PC—Incoming pulse correctors, 3,000 ohm range 
O—No trunk equipment except selectors 
L—Listening key dialing trunk 
SR—3 wire trunk equipment 
CX—Phantom composite equipment 
CXR—Phantom composite with repeaters 


CXR—Phantom composite partially equipped with repeaters 
for terminal and ‘‘via’’ groups 
H—Manual holding equipment 
Cl—Call indicator trunk equipment 
R—Compensating resistances 
QW—2-way equipment 
PL—Compensated pulsing loop 
D—Step-by-step dial office 
M—Common battery manual office 
X—Masgneto office 
Average impedance of New London tandem—900 ohms 
Average impedance of all other tandems—1,500 ohms 


rece tae a miles, sae of cable wire, and type of loading, in that order. For example, the designation ‘17.5 
a tcc eee 4 Coen oena number 16 Brown and Sharpe gauge cable wire; loading coil spacing (H) 6,000 feet 
ee et uence cca . and 9,000 foot spacings); inductance of physical or side circuit loading coils, 172 millihenrys; and 

it loading coils, 63 millihenrys. Absence of the last figure indicates that phantom circuit operation is nee used 
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the originating operator. For this reason the selec- 
tor has no facilities for relaying the line closure 
signal back to the originating operator by a reversal 
as in regular toll trains. The switch uses the reversal, 
however, to provide supervisory signals indicating 
the conditions of the called line, that is, busy, an- 
swered, or unanswered. The originating operator’s 
cord supervisory lamp burns steadily when the called 
line is not answered, flashes 60 times a minute if the 
line is busy, flashes 120 times a minute if all paths 
through the office to the called line are busy, and is 
extinguished when the call is answered. 

A considerable variety of trunk terminal equip- 
ment is required to meet various traffic, transmission, 
and outside plant conditions. Some of the required 
features are phantom, nonphantom, loop or com- 
posite signaling, repeatered, nonrepeatered, pulse 
correcting, pulse repeating, one-way, and 2-way. 
Figure 7 indicates the actual equipment in use on 
various typical groups of trunks and also some of 
the characteristics of each tandem center. The 
phantom composite method has been outlined in an 
earlier paper. The more recent improvements in- 
clude the addition of a pulse correcting feature to 
the incoming and outgoing terminals of the circuit 
and a rearrangement of apparatus to allow the use 
of a relay rack unit, instead of the earlier step-by- 
step repeater shelf mounting. 

The maximum range of circuit at present in use 
in this area is about 3,520 ohms external loop resist- 
ance, or about 35 miles of 19 gauge cable. The 
longest single link in the system is that between 
New Haven and New London, a wire distance 
of about 52 miles, and it has a loop resistance of 
approximately 2,600 ohms. The development of 
phantom composite signaling circuits having nearly 
twice the former range has been completed. These 
newer circuits may prove economical in combination 
with smaller gauge conductors and one or more 
voice frequency repeaters where facility conditions 
are suitable. The arrangement of apparatus in this 
circuit more nearly resembles that of the standard 
ringdown toll circuit terminal equipment by use of 
separate units for composite sets, phantom sets, 
composite signaling sets, and auxiliary relay equip- 
ment units. 

The use of voice frequency repeaters on tandem 
circuits requires certain circuit arrangements, the 
most important of which is composite signaling. 
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Since the vacuum tube device must be insulated 
from direct signaling current, repeating coils are 
provided in both the physical and artificial lines of 
the set. Repeating coils block any form of direct 
signaling current, but the phantom composite 
signaling circuit provides a method of signaling 
around repeating coils, and is therefore used when- 
ever voice frequency repeaters are required. Phan- 
tom composite sets are universally wired so that 
they may be arranged for use with or without voice 
frequency repeaters. Where cable facilities that 
are not suitable for phantom operation must be 
used, the phantom composite unit can be modified 
so that the equipment normally used for the phantom 
trunk is connected directly to a third pair between 
offices instead of to the middle point of the side circuit 
repeating coils. This arrangement is in use between 
the New York suburban tandem office and Stamford, 
since nonquadded facilities only are available in 
a short section of the route. Quadded cable 
later will permit conversion to the more efficient 
phantom operation by a minor wiring change at each 
terminal. In order to avoid singing, and still obtain 
maximum gain, the voice frequency repeaters must 
be adjusted for best balance with circuits in the talk- 
ing position. Since there may be unbalances in the 
idle and pulsing positions, the phantom composite 
circuits.are arranged for idle termination of both line 
and artificial line in a resistive and capacitive net- 
work. The use of well balanced repeating coils of 
precise impedance ratio is required with voice 
frequency repeaters. 

The most common type of pulse repeater used in 
both local systems and earlier tandem service is that 
in which the pulses received by the line relay are 
reproduced by its contacts and transmitted to suc- 
ceeding circuits in the train. This type of trans- 
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mission is subject to distortion caused by the time 
characteristics of the relay and the electrical prop- 
erties of the line facility. Although the total dis- 
tortion is not serious in a single repetition, the cumu- 
lative distortion in several links would exceed the 
tolerance of the terminating switches and result in 
wrong selections. To overcome this difficulty a 
pulse correcting repeater has been developed, which 
provides a signal of constant length so far as the 
open period of the pulse cycle is concerned, without 
regard to the length of signal received.° 

Figure 8 represents the pulse correcting feature of 
both loop and composite signaling equipments. Dur- 
ing the pulsing interval, the repeater produces out- 
going signals approximately one cycle behind the 
incoming signals. As pulses are received from a 
preceding circuit they are followed by relay A. 
When relay A releases on the open portion of the 
pulse, the capacitor D is discharged. When relay A 
reoperates on closure of the pulse, relay / operates 
momentarily on the charging circuit of capacitor D 
and releases relay G. Relay G, being released, opens 
the bridge to the succeeding circuit and removes 
ground from the secondary winding of relay E. The 
current continues through the secondary winding of 
relay FE to charge capacitor G, but this current gradu- 
ally diminishes as the capacitor becomes charged. 
The flux through the secondary winding diminishes 
gradually until it is less than the flux of the primary 
winding, and at that time the relay closes contacts 4 
and 7. This reoperates relay G, which again closes 
the bridge to the succeeding circuit. The resistors 
and capacitors associated with relay / are chosen 
to provide the time for its release, and in turn the 
time for the release of relay G, that will give the 
proper open period to pulse the succeeding switches 
regardless of the open period received by relay A 
of this circuit during pulsing. 

One feature of most trunk equipments is the 
provision of a ground on the sleeve circuit of trunks 
to or from selectors to provide the busy condition 
for the trunk and a holding circuit for all selectors in 
the operated position on any particular call. In 
any one tandem office it is necessary to determine 
whether the holding grounds should be provided by 
equipments on each outgoing circuit, or whether a 
smaller amount of equipment, usually pulse correct- 
ing repeaters, will provide a holding ground on each 
incoming circuit, thus making outgoing equipment 
unnecessary except for phantoming purposes. In 
the Hartford, Bristol, and Stamford tandem offices 
the later arrangement has been the most economical 
due to the excess of outgoing over incoming trunks. 
The outgoing holding equipment for trunks to manual 
offices is a comparatively inexpensive 2-relay circuit. 

Switchboards in dial exchange areas are equipped 
with dials operated on a dial key or listening key 
basis, whereas in manual areas the operator’s dial 
is associated with the tandem dial trunk by the dial 
cord method. 

The equipment provided at manual switchboards 
for outgoing trunks to tandem is identical with that 
which would be used on circuits to a local step-by- 
step office in the same exchange area. Where phan- 
tom operation is desirable, a standard phantom 
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composite unit originally designed for installation in 
step-by-step offices is provided at the manual office 
and inserted between the usual out-dial trunk equip- 
ment and the cable facility. The trunks from Willi- 
mantic to Hartford and from East Hampton to 
Hartford are examples of this arrangement. 

The tandem completing trunk equipments in the 
various manual offices have the common characteris- 
tic of providing switchhook supervision to the origi- 
nating operator, but differ otherwise in accordance 
with the design and traffic requirements of the 
particular board. Manual offices in a multiunit 
exchange having some dial equipment normally are 
provided with call indicator equipment, and tandem 
calls are completed over these call indicator trunks. 
In other manual switchboards, jack ended and 
cord ended completing trunks have been installed 
for tandem use. The calls on jack ended trunks are 
completed by the use of local cords that are modified 
to provide through supervision on tandem calls. 
The cord ended trunks usually are answered by the 
operation of a listening key, but they may be 
connected to the operator automatically. All 
straightforward trunks provide an order tone to the 
originating operator when the completing operator is 
ready to receive the details of the call. 

In magneto offices it is not practicable to provide 
a signal to indicate the answer by the called party; 
therefore, it is necessary for the magneto operator 
to monitor until the start of conversation, then 
operate a charge key associated with the incoming 
trunk to retire the supervisory lamp at the originating 
switchboard. 

The power supply requirements at tandem centers 
do not differ from those of ordinary step-by-step 
dial local offices that use a battery, the voltage of 
which is held between the limits of 45 and 50. In 
manual offices the battery voltages ordinarily pro- 
vided have proved satisfactory even for composite 
signaling circuits requiring a 48 volt battery of not 
more than 5 volts variation. 


SUMMARY 


The dial tandem method of handling interexchange 
telephone traffic in Connecticut, introduced as an 
adjunct of the comprehensive dial conversion pro- 
gram, has been developed to take a major place in 
the handling of toll traffic. The use of the tandem 
method affords a definite improvement over the 
earlier methods in speed and accuracy of service to 
the subscriber, in simple and more uniform operating 
practices, and in reduction in operating effort. The 
facility of disposal of toll calls over this system by 
local operators without measurable interference with 
regular local traffic has contributed greatly to the 
success of the method of accepting all station-to- 
station toll calls at local boards. A more uniform 
transmission plan for the telephone plant is possible 
now, and a flexible relationship between traffic, trunk 
terminal and switchboard equipment, and inter- 
exchange wire plant has resulted in economies of 
operation. 

The present experience with the dial tandem 
method indicates the desirability of extending this 
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method to the other exchanges of the state as soon 
-as it can be done economically. 
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Revised Sphere-Gap 
Spark-Over Voltages 


Tue subcommittee of the A.I.E.E. 
committee on instruments and measurements that 
has been working for the past 2 years on a revision 
of the sphere-gap spark-over voltages which are 
published in A.I.E.E. Standard Number 4 has com- 
pleted the revision of values for the sphere gap 
settings. These are published herewith to enable 
anyone so desiring to make use of these values pend- 
ing completion of a revision of the text of A.I.E.E. 
Standard No. 4 at which time they will be included 
in the revised standard. It is intended that no 
further change will be made in the values in the 
meantime. 

The text of the present A.I.E.E. Standard No. 4 
may be used in connection with the 60 cycle settings. 
This standard, however, does not adequately pro- 


60-Cycle Sphere-Gap Spark-Over Voltages (Kilovolts) 


(At 25 Degrees Centigrade and 760 Millimeter Barometric 
Pressure; One Sphere Grounded) 
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vide for use of the settings with impulse voltages, 
instructions for which are now being prepared. 

For some time it has been known that there were 
errors in the standard values and also that they did 
not provide adequately for settings for use with 
impulse voltages. While the work of revision was 
going on tentative values were submitted to the 
International Electrotechnical Commission through 
the U.S. national committee representative at the 
meeting last summer. Since the 60 cycle values 
were in agreement with the latest work of some of 
the other national committees, the I.E.C. promptly 
adopted and published values that are substantially 
the same in I.E.C. publication 52 entitled “Rules 
for the Measurement of Test Voltage at Power Fre- 
quencies in Dielectric Tests by Sphere Gaps.” 


60-Cycle Sphere-Gap Spark-Over Voltages (Kilovolts) 


(At 25 Degrees Centigrade and 760 Millimeter Barometric 
Pressure; One Sphere Grounded) 


Sphere Gap Sphere Diameter—Centimeters 
Spacing, 

Centimeters 25 50 75 
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60-Cycle Sphere-Gap Spark-Over Voltages (Kilovolts) 


(At 25 Degrees Centigrade and 760 Millimeter Barometric 
Pressure; One Sphere Grounded) 


Sphere Gap Sphere Diameter—Centimeters 
Spacing, 7 
Centimeters 100 150 200 
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* The values for the 200 centimeter sphere gap for spacings over 100 centimeters 
are extrapolated, 
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Frequency Tripling 
Transformers 


The possibility of making use of trans- 
former harmonic phenomena for frequency 
multiplication has long been recognized, 
but practical applications have been few. 
Within recent years, however, several fre- 
quency tripling transformers have been 
built for supplying 180 cycle energy to 
large electric horns and similar devices 
from 60 cycle sources. The inherently 
poor regulation of the output voltage and 
low power factor of the input circuit can be 
compensated in part by the use of series 
capacitance in the output circuit; at the 
same time the maximum output is increased 
considerably. | Two suggested practical 
applications of these devices are for sup- 
plying 180 cycle energy to induction 
furnaces and to high-speed motor-driven 
tools. 


By 
J. L. CANTWELL 


ASSOCIATE A.1-E.E. 


General Elec. Co., 
Pittsfield, Mass. 


I. ANY a-c electrical apparatus in 

which the iron of a magnetic circuit is operated at a 
maximum flux density above the bend in the satura- 
tion curve, there is a tendency for harmonic fre- 
quencies of current or voltage, or both, to be pro- 
duced. Transformers, in particular, having a mag- 
netic circuit consisting entirely of iron and operating 
at flux densities ranging normally from 70,000 to 
90,000 maxwells per square inch, may produce har- 
monics of appreciable magnitude. Because of their 
tendency to produce telephone interference, exces- 
sive dielectric stresses, and other troublesome condi- 
tions, the harmonics have long been considered detri- 
mental, and precautionary measures against their 
effects have been necessary in design and operation. 
The theoretical possibility of making use of 
transformer harmonic phenomena for frequency 
multiplication was recognized long ago, and within 
recent years a number of frequency tripling trans- 
formers have been manufactured and put into serv- 
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ice, transforming 3-phase 60-cycle energy to single- 
phase 180-cycle energy. So far as is known to the 
writer, this represents the first practical application 
of static transformers for frequency changing. 

A summary of the theory underlying the operation 
of frequency tripling transformers is given in this 
paper, together with characteristic curves as obtained 
by tests on units of several designs. Some of the 
possibilities for future development and application 
also are discussed. 


GENERAL THEORY 


The frequency tripling transformer depends for its 
operation upon the nonlinear characteristics of the 
magnetization curve of iron. The permeability of 
transformer core steel, in common with all magnetic 
irons and steels, is not constant, but varies as a com- 
plex function of the flux density. Because of this, if 
a transformer be excited in such a way that its 
induced voltage is sinusoidal, the flux also will be 
sinusoidal, but the exciting current will contain odd 
harmonics. Conversely, if it be excited in such a 
way that its exciting current is sinusoidal, both the 
flux and induced voltage will contain odd harmonics. 
In general, the suppression of any harmonic in the 
exciting current will produce the corresponding 
harmonic in the flux and induced voltage.” 

Figure 24 shows typical wave shapes of exciting 
current, flux density, and induced voltage for sinu- 
soidal induced voltage, as determined from a typical 
magnetization curve as shown in figure 1. Figure 
2B shows the corresponding shapes if only sinusoidal 
exciting current be permitted to flow. The relatively 
small effect of iron loss is neglected in these curves. 
It may be noticed that when harmonics are sup- 
pressed in the exciting current, corresponding har- 
monics appear in the voltage. If the third harmonic 
only be eliminated from the current, a pronounced 
third harmonic will appear in both the flux and the 
induced voltage. 

Tripling Circuit. Figure 3 shows a bank of 3 
2-winding transformers with their primary windings 
wye-connected and supplied from a 3-phase 60-cycle 
source. The secondary windings are delta-con- 
nected with one corner opened and brought out to 
form the output terminals. As the primary windings 
are wye-connected with neutral isolated, triple har- 
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monics of current cannot flow in the primary circuit. 
(The term “triple harmonics” is used to include all 
odd harmonics that are multiples of 3.) As they 
would be in phase in the 3 legs, no return path for 
them exists. The fundamental and nontriple har- 
monics of current, however, being in 120-degree or 
equivalent phase relation, can exist, the current of 
each phase finding its return path through the 
other 2 phases. No current can flow, of course, in 
the open-circuited delta. 
As triple frequency currents cannot exist in either 
primary or secondary winding, triple frequency com- 
‘ponents must appear in the flux of each core and in 
the induced voltages. On the primary side, the 
voltages from line to neutral contain fundamental 
and triple harmonics. From line to line, however, 
the triple harmonics cancel, leaving only the funda- 
mental. This satisfies the conditions imposed by 
the 60 cycle applied voltage. On the secondary side, 
as the fundamental frequency voltages of the 3 
transformers are in 120 degree phase relation, their 
sum around the delta is zero and they do not appear 
at the output terminals. The triple harmonics of 
voltage, however, are in phase in the 3 transformers 
and their arithmetical sum around the delta appears 
at the terminals. Theoretically, the output voltage 
contains all triple frequencies of the 60 cycle applied 
voltage. Practically, though, the ninth, fifteenth, 
and higher harmonics are negligible compared with 
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Fig. 2B. Typical wave 
shapes for sinusoidal cur- 
rent 


Fig. 2A. Typical wave 
shapes for sinusoidal volt- 
age 


the third. This circuit, therefore, is capable of 
transforming a 3 phase voltage into a single phase 
voltage with a frequency 3 times as great. 

If the secondary terminals (figure 3) be short- 
circuited, the circuit becomes the equivalent of a 
wye-delta transformer bank operating at no load. 
The triple frequency currents flowing in the closed- 
delta secondary circuit, acting as part of the exciting 
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current, suppress the triple harmonics of flux and 
induced voltage, leaving fundamental frequencies 
only. The wave shapes of total exciting current, 
flux, and induced voltage are then as shown by 
figure 2A. 

If an impedance load be connected in the output 
circuit, triple frequency current will flow through the 
load. At no load or short circuit, with losses neg- 
lected, the fundamental frequency current in the 


Fig. 3.‘ Fre- at se 
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ing circuit 1 PHASE 
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MES Fig. 4. Vector diagram for 


t output circuit of figure 3 


primary winding is in quadrature with the applied 
voltage and both the power input and output are 
zero. With a load connected, the secondary current 
changes the shape of the flux wave in such a way that 
the fundamental current in the primary winding 
shifts in phase and magnitude so that power is taken 
from the supply circuit. The fifth, seventh, eleventh 
and higher harmonics of current in the primary 
winding contribute nothing to the average power 
input as there are no corresponding harmonics in the 
applied voltage. As these harmonics cannot exist 
in the flux and induced voltages, they must appear as 
components of exciting current. 

With a load connected across the output terminals, 
the loads drawn from the 3 input phases are balanced. 
Although with losses neglected the input and output 
average powers are equal, in accordance with the law 
of conservation of energy, the instantaneous values 
in general are unequal. The power input is con- 
tinuous, while the output, being of single-phase form, 
is pulsating. Thus, this transformer bank, in chang- 
ing frequency from 60 cycles to 180 cycles, behaves 
in much the same way as a rotating machine, storing 
power during part of the cycle, and delivering it to the 
output circuit during the remainder of the cycle. In 
a rotating machine, the kinetic energy of the rotor 
acts as a reservoir of power to equalize the instan- 
taneous differences between input and output; but 
in a transformer bank, this function is performed by 
the energy storage capacity of the magnetic fields. 
This performance, related as it is to magnetic satura- 
tion phenomena of iron, is somewhat involved in 
nature, but methods of analysis have been developed 
that will predict to a fair degree of accuracy the 
behavior of transformers operating in this manner. 

It should be noted that the foregoing analysis 
applies in general to the transformer connection of 
figure 3, whether it is composed of 3 single-phase 
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Fig. 5. Open- 
circuit _third- 
harmonic volt- 
age as a func- 
tion of flux 
density in trip- 
ling trans- 

former core 
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units or a single 3-phase unit. However, in a 3-phase 
core-type transformer having a 3 legged core, the 
third harmonic fluxes, being in phase in the 3 legs, 
must find a return path through the clamps, tank, 
and air. As the high reluctance of this path largely 
suppresses the third harmonic fluxes, this type of 
transformer is not suitable for efficient triple fre- 
quency transformation. This discussion, therefore, 
should be understood as applying to a bank of 3 
single-phase transformers or to a 3-phase shell-type 
transformer. 


DESIGN METHODS 


F. F. Brailsford? has developed equations and 
methods for calculating the secondary, or output, 
characteristics of frequency tripling transformers. 
A summary of his methods and suggestions for calcu- 
lating input currents, power factor, and efficiency, 
are given in the following paragraphs. 

Secondary Vector Diagram. Consider a bank of 3 
transformers connected as shown in figure 3. Figure 
4 represents the vector diagram of third harmonic 
quantities in the secondary circuit, where E; is the 
open-circuit third-harmonic voltage across the output 
terminals, or the sum of the third-harmonic com- 
ponents of induced voltages in the 3 cores, and J; 
represents the load current. 

As no 180 cycle current can flow in the primary 
windings to balance this load current, it produces a 
flux in the core, inducing a corresponding voltage 
which leads the current by 90 degrees. This voltage 
adds vectorially to 3, giving the terminal voltage V3. 
As may be seen on the vector diagram, the voltage 
induced by the load current behaves like the leakage 
reactance drop of a normal transformer. Therefore, 
it has been represented as/;X3, where X3is the equiva- 
lent third-harmonic reactance of. the secondary 
circuit. 

Strictly speaking, since the flux producing the 
voltage [3X3 exists practically entirely in iron, X3 is 
not constant but varies as a function of the varying 
permeability of iron. However, this flux is super- 
posed upon a much larger 60 cycle flux, the maxi- 
mum density of which is well above the bend in the 
magnetization curve. As a result, the iron is satu- 
rated during a considerable portion of the cycle, and 
X; may be considered constant at least for first 
approximations. 

Determination of X; and E;. The reactance X; 
may be obtained easily from tests. With rated 60 
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cycle voltage applied to the input side of the tripler, 
the open circuit secondary voltage ; and the short 
circuit secondary current J, are measured. The 
reactance is then simply: 

(1) 


E 
X3 = Fe ohms 


Brailsford gives a relation for approximating the 
value when tests are not available: 


a fATu 


BW RE (2) 
Wel we ve 

where 

f = fundamental frequency in cycles per second 

A = cross-sectional area of iron in each core in square inches 

T = number of secondary turns on one core 

u“ = permeability of iron at maximum flux density 

L = mean length of magnetic circuit of each core in inches 


Perhaps a more accurate, but also more laborious, 
method of determining X3 is by harmonic analysis 
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Fig. 7. Wector diagram for 
output circuit of figure 6 


of the voltage and current waves as determined from 
the magnetization curve of the cores being used. 
With the secondary winding short-circuited, the only 
appreciable flux in the cores is the 60 cycle funda- 
mental, determined by the applied voltages. From 
the magnetization curve, the corresponding current 
wave is determined point by point and plotted. By 
means of a harmonic analysis the third harmonic of 
this wave is determined; this then is7,. Harmonics 
above the seventh are usually small in magnitude 
and are neglected; their inclusion would complicate 
further analysis to an unsurmountable degree. 

The voltage E; is determined by the same method, 
but a process of successive approximation must be 
used. With the third-harmonic current suppressed 
by the open circuited delta, third harmonics appear 
in the flux and induced voltage. The phase posi- 
tions of these harmonics are known. Various mag- 
nitudes of third-harmonic flux are assumed until one 
is found that, when combined with its fundamental 
and carried through the magnetization curve as 
before, will give a current with zero third harmonic. 
The voltage corresponding to this third-harmonic 
flux is £; and the current, referred to the primary side, 
is the wattless component of no-load input current. 
Usually 2 or 3 trials will give the solution to a reason- 
able degree of accuracy. 
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Then J; and E; being known, X;3 is obtained from 
equation 1. The 180 cycle vector diagram now may 
be drawn, and the output voltage and regulation 
may be predicted for any type of load. 

_ Determination of Primary Currents. The primary 
currents for a given secondary load must be deter- 
mined by a harmonic analysis similar to the one 
described previously for determining the open circuit 
voltage E3. From the 180 cycle vector diagram, 
voltage I;X3; is determined. The corresponding 
180 cycle flux is added in its proper phase position 
to the open circuit flux curve, which already has 
been determined. The current curve corresponding 
to the resultant flux then is plotted point by point 
as before, and is subjected to a harmonic analysis. 
The third harmonic of current, referred to the 
secondary side, should check with the originally 
assumed load current. The fundamental, and the 
fifth and seventh harmonics, referred to the primary 
side, give the input currents, losses neglected. The 
average power input, as determined from the input 
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tripler with unity power factor load 


current and applied voltage, should check with the 
assumed average power output. 

These 2 checks will not be exact because of the errors 
introduced by harmonics above the seventh being 
disregarded and also because the reactance X; does 
not remain entirely constant. If on the first attempt 
the values do not check within allowable limits of 
accuracy, the solution should be repeated with slightly 
different values of X3 until satisfactory checks 
are obtained. 

Determination of Losses. As the iron loss curves 
ordinarily used in transformer design are based upon 
sinusoidal fluxes, they cannot be used directly for 
calculating the core losses of the frequency tripler. 
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However, methods for calculating iron losses under 
nonsinusoidal conditions are well known*° and are 
not repeated here. The core loss is calculated, and 
the corresponding loss current is added in its proper 
phase relation to the input current determined by 
harmonic analysis. The resultant is the total input 
current, determined in magnitude, wave shape, and 
phase position. 

The copper losses are calculated from winding 
currents and effective resistance according to usual 
methods. 


Efficiency. The efficiency is found from the usual 
relation: 
Per cent efficie es X 100 (3) 
HCY =) — sae 
4 Ws + Wr 


where W; and Wz represent output and total losses, 
respectively, in watts. 

Power Factor. Because of the high secondary 
reactance and low excitation reactance of the fre- 
quency tripler, the lagging reactive kilovolt-amperes 
on the input side are appreciably greater than those 
of the load. For convenience this situation is 
analyzed by the determination of input power factor 
for given conditions of load. 
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Fig. 9. Tested characteristics of 0.15 kw frequency 
tripler with unity power factor load 


Power factor usually is defined as watts divided by 
volt-amperes. In a circuit involving only single 
frequency sinusoidal quantities, the power factor 
may be defined also as the cosine of the angle of 
phase displacement between the vectors of voltage 
and current. In the case of nonsinusoidal quanti- 
ties, however, the latter definition no longer has the 
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same significance because each harmonic of current 
has an angular displacement from the corresponding 
harmonic of voltage differing, in general, from that 
of the fundamental or any other harmonic. — 

The primary current of the frequency tripler con- 
tains pronounced harmonics, but the applied voltage 
usually is practically sinusoidal. As only fundamen- 
tal frequency voltages exist between the input lines, 
a power factor meter, which gives an indication 
based upon phase angles, connected in these lines will 
indicate the power factor corresponding only to the 
fundamental frequency, disregarding entirely the 
higher current harmonics. However, measurements 
by the wattmeter-voltmeter-ammeter method will 
take into account all harmonics, and will give a 
value based upon the first and most general defini- 
tion. 

The power factor of the frequency tripler may be 
determined from the calculated values of input cur- 
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Fig. 10. Connections of frequency tripler for 2 
phase output 
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rents according to either of these conceptions. 
However, a clear statement as to which kind of 
power factor is meant should be given with each set 
of values. 

Flux Density. Suppose that the iron cores are 
operated at a low maximum flux density, for ex- 
ample, 40,000 maxwells per square inch. As the 
magnetization curve is practically a straight line up 
to this density, the third harmonies generated would 
be negligible. Suppose, however, that the cores are 
operated at an extremely high density, for example, 
200,000 maxwells per square inch. For this condi- 
tion the portion of the magnetization curve above 
approximately 120,000 maxwells per square inch is 
straight and will contribute nothing to the generation 
of harmonics. At either of these extremes, produc- 
tion of third harmonics would be inefficient. The 
shape of the magnetization curve, figure 1, is such 
that a maximum flux density of 120,000 to 140,000 
maxwells per square inch will make the most efficient 
use of the curved portion. Tests on specially built 
transformers have substantiated this conclusion. 
With increasing density, the third-harmonic voltage, 
expressed as a per cent of the 60 cycle applied voltage, 
increases to a:maximum of about 60 per cent between 
120,000 and 140,000 maxwells per square inch and 
then decreases. Figure 5 shows tested values ob- 
tained from transformers of several different designs 
over a flux density range of 105,000 to 140,000 max- 
wells per square inch. 
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From the standpoint of improved regulation and 
economy of material, higher flux densities theoreti- 
cally might be desirable. However, the resulting 
higher core losses and lower input power factors 
would offset the advantages obtained. As will be 
shown, though, the regulation and material economy 
may be improved in another way—by the use of 
capacitors in series with the output circuit. 


COMPENSATION WITH CAPACITORS 


The flux producing the voltage drop I;X3 exists 
almost entirely in a low reluctance iron path, but 
the leakage flux of a normal single frequency trans- 
former is principally in air. Therefore, the reactance 
X; of the frequency tripler will be found to be several 
times greater than the leakage reactance of a normal 
transformer bank of equivalent size. This results in 
relatively poor voltage regulation, especially for 
inductive loads, and also in low maximum power 
output. The latter is, in a sense, a measure of the 
material economy, or apparatus utilization factor. 

From the vector diagram, figure 4, the following 
expressions may be written: 


Vs= WE — IyX.(Xo + 2X) (4) 
W = VEP — (Xs +X) X Is (5) 
in which X is the reactance of the load and W is the 
watts output, the other quantities being as defined 
previously. 

If dW /dI; from equation 5 be equated to zero, the ~ 
following expression is obtained for maximum watts 
output: 


9 


Es” 


9G ee) ke) 


Wmax = 

From these relations it is evident that the voltage 
regulation and the maximum power output are de- 
pendent upon the reactances of the transformers and 
of the load. Nowifa capacitor be connected in series 
with the output circuit, as shown in figure 6, the 
equation for maximum output becomes: 

E;" 


Wmox = 2G Xx te) (7) 


It may be seen then that by proper selection of 
the value of 1/wC, the maximum output can be 
raised to any desired limit. Theoretically, when 
1/wC is equal to X; + X, the maximum power out- 
put becomes infinite; practically, it is limited by the 
losses in the circuit. The capacitive compensation, 
in addition, improves the regulation of the circuit, 
as may be seen from the vector diagram, figure 7, 
in which the capacitance drop J;Xc has been added. 


Test RESULTS 


The principles reviewed in this paper have been 
used in the design and manufacture within the last 
5 years of a number of static frequency triplers now 
in successful operation. The units are rated 440 
volts, 3 phase, 60 cycles input to 250 volts, single 
phase, 180 cycles, 11/, kw, unity power factor output, 
and are used to operate large electric horns for fire 
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alarms and marine fog warnings, and in similar 
applications. In these designs only partial compen- 
sation was necessary, as strict limits of voltage regu- 
lation and apparatus utilization were not required. 
The capacitors used were connected in parallel with 
the load and neutralized only the reactance of the 
horn, leaving the transformer reactance uncompen- 
sated. 

Tested operating characteristics of this frequency 
tripler supplying unity power factor load are shown 
by figure 8 and table I, column 1. These tests were 
made without capacitive compensation in the circuit. 
The curves show that the tripler will deliver its rated 
unity power factor output, 5 amperes, with approxi- 
mately 11 per cent voltage regulation. The appara- 
tus utilization, however, as expressed in watts output 
per pound of active iron, is somewhat low. 

The input power factor of this tripler at full load 
is only 20 per cent. In other words, at 77 per cent 
efficiency, the input in volt-amperes is 6.5 times the 
output in watts. For this particular application, 
the low power factor is not considered serious as 
installations are made singly and used only at in- 
frequent intervals. However, some means of im- 
proving the power factor probably would be neces- 
sary if any considerable capacity in frequency 
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triplers should be installed in one location, operating 
more or less continuously. 

Calculations indicate that a higher power factor 
could be obtained by the use of lower flux densities, 
but at the expense of output capacity. The most 
promising procedure, then, seems to be the use of 
lower densities for power factor improvement, to- 
gether with the addition of capacitive compensation 
for maintaining output capacity. 

Tests were made on a tripler designed for opera- 
tion at a flux density 14 per cent below that of the 
previous design and having a unity power factor 
output rating of 150 watts, 190 volts, uncompensated. 
The results are shown by the solid line curves of 
figure 9 and by column 2 of table I. A comparison 
with column 1 shows that, because of the lower 
density, the output in watts per pound is only half 
that of the previous design. The input power factor, 
however, was raised from 20 to 36 per cent. 

The tested reactance X; of this tripler is 89.4 ohms. 
For complete compensation, 9.9 microfarads of 180 
cycle capacitors are required. Actually, a capacitor 
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of 9 microfarads was added in series with the second- 
ary. The results of tests with the capacitor in the 
circuit are shown by the broken line curves of figure 9 
and column 3 of table I. Measurements were made 
for loads up to 3 amperes, almost 400 per cent of the 
uncompensated full load rating, and over this entire 
range the output watts followed practically a straight 
line and the output volts dropped only 12 per cent. 
On the basis of tested characteristics, the compen- 
sated tripler was given a normal output rating of 
550 watts, 3.33 times the rating of the same tripler 
uncompensated. Its output in watts per pound of 
material is 4 times that of the uncompensated unit 
and twice that of the 1!/, kw uncompensated tripler. 
The greatest improvement, however, is in the input 
power factor. Reducing the flux density 14 per cent 
and adding capacitive compensation increased the 
power factor from 20 to almost 70 per cent and 
doubled the available output from a given amount of 
iron, with approximately the same voltage regulation. 

The output side of the compensated tripler is 
essentially a circuit of resistance, inductance, and 
capacitance operating at or near series resonance. 
Therefore, under short circuit or heavy overload 
conditions, severe overvoltages may appear across 
the transformer windings and across the capacitors. 
Because of this, the transformer insulation should 
have a high factor of safety and the capacitors should 
be rated conservatively. For positive protection, 
some device should be used that either will open the 
secondary circuit or short circuit the capacitor at a 
definite value of overcurrent. For a small capacity 


Table I—Characteristics of Compensated and Uncompensated 
Frequency Triplers—60 to 180 Cycles 


1 Z 3* 
WALES yer obs lO0) tees bie 1502.) Seay 550 
Rated output (single phase) I amperes .. BO | pecnahat cs O79: faces 2.9 
VOltS Pinan 240 Mees nce 190) So nee gs 190 
Rated input (3 phase)—volts.......... 4400F ee AS0y Woke ae 480 
Relative flux density c..ce stews. LOOM «occ. SGe  erasvercte 86 
Capacitive compensation—microfarads.. None ...... None fee eieree 9 
Maximum output—watts.......,..... S40 asaostye 220 ...Not measured 
Relative maximum watts per pound of 
ACLIVEULFON's «:. .iateleteroretvertateceteveietekeheres LOOUR estrous AS) Va «stale Reeteiene 
Relative full load output—watts per 
POUNGLACTIVE IFOll ay. eter ttete tele NGO! soigoes i Sag p..00 186 
Voltage regulation at full load—per 
COME Soe eererr'. o('otekataies sl aeaeareieeer we nations Wl Saeco 14°") Sista 12 
,, feces sonmevayeva.s ove OOS te ter. On US react 0.18 
Input power factort ) full toad......... O20 co, 0:36e aan 0.68 
Efficiency at full load—per cent......... TTA tons 54 © canstelers 74, 


* Column 3 shows same tripler as column 2 with capacitance added. 
+ Power factor is expressed as watts divided by volt-amperes. 


tripler, a film cutout connected across the capacitor 
probably would be satisfactory. The rise in capaci- 
tor voltage would puncture the film, thus short 
circuiting the capacitor. The high reactance of the 
tripler then would limit the current to a safe value. 


POLYPHASE OUTPUT 
In the foregoing discussion, the frequency tripler 


has been described as a bank of 3 single phase trans- 
formers. In practice, however, the 3 cores are 
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assembled in one case and only the input and output 
leads are brought out, all connections between coils 
being made internally. Essentially, therefore, the 
frequency tripler is a single piece of apparatus, 
delivering single phase power to the load. Of course, 
polyphase outputs can be obtained by proper com- 
binations of single phase triplers. Figures 10 and 11 
show connections for 2 and 3 phase outputs, re- 
spectively, from a 3 phase source. 


PRACTICAL APPLICATIONS 


One disadvantage of tripling transformers that 
should be taken into consideration for any proposed 
application is the nature of the input current. It is 
not sinusoidal, but contains pronounced fifth and 
seventh harmonics. The importance of this charac- 
teristic should be evaluated in any particular in- 
stallation. It will depend upon the location and the 
installed capacity of triplers. 

Tests and experience so far have been limited to 
units of small size. However, it is believed that the 
methods used in the design of these units may be 
extended successfully to the design and construction 
of units having outputs of several hundred kilowatts, 
with characteristics approaching those of ordinary 
single frequency transformers. With such a range 
of sizes available, useful applications could be found 
in many fields. 

The use of frequency tripling transformers for 
operating fire or fog warning signals already has 
been mentioned. Because of the remote locations in 
which many of these installations must be placed, 
transformer equipment is admirably suited to this 
service. In addition, the tripling transformer seems 
particularly suitable for supplying induction furnaces 
and other induction heating apparatus, as such 
apparatus can be operated more efficiently at higher 
frequencies. The triplers should be useful also for 
operating high-speed motor-driven tools. Motors 
operating at 180 cycles can be designed for a syn- 
chronous speed of 10,800 revolutions per minute, and 
such motors have been appliec to portable drills, 
drill presses, and other motor driven tools and to 
machines for woodworking, shoe manufacturing, and 
similar processes. 

Motor generator sets and induction frequency 
changers are the most commonly used devices for 
obtaining 180 cycle power from 60 cycle sources. 
For applications in which the relative reliability and 
freedom from maintenance of static devices are im- 
portant factors, however, frequency tripling trans- 
formers may prove more satisfactory, especially for 
installation outdoors or in inaccessible locations. 
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A Cold-Cathode 
Arc-Discharge Tube 


A grid-controlled arc-discharge tube which 
requires neither power nor time for heating 
the cathode, but in which a discharge of 
several hundred amperes is controlled by an 
extremely small amount of power in the 
grid circuit, is described in this paper. 
The tube has characteristics especially 
useful in circuits requiring large peak 
current but low average current, some 
examples of which are given here, and is 
applicable particularly as a light source in 
stroboscopes. 


By 
K. J. GERMESHAUSEN 


ASSOCIATE A.1-E-E- 


H. E. EDGERTON 


MEMBER A.1-E.E. 


Both of Mass. Inst. of 
Technology, Cambridge 


A NEW TYPE of grid-controlled 
gas-filled tube capable of passing peak currents of sev- 
eral hundred amperes has been developed which obtains 
the necessary electron emission from a cold cathode 
designed so that a cathode spot with low voltage drop 
is formed on a metallic surface by the concentration 
of a glow discharge. The active life of the cathode 
in the circuit applications which have been tried is 
more than 1,000 hours, and appears to be a function 
of the average current through the tube. The tube 
is ideal for applications which require occasional 
operation, for it has the ability to operate immedi- 
ately without continuous consumption of cathode 
heating power, or without a time delay to heat the 
cathode. Although the tube was developed pri- 
marily for a stroboscopic light source, it has been 
successfully applied to other problems. 


CATHODE DEVELOPMENT 


One of the major problems in the design of gas 
filled tubes for large currents is the provision of a 
proper cathode. Development has progressed in 2 
genera] directions: first, the heated cathode with 
its many heat-shielded emitting surfaces; and sec- 
ond, the mercury pool cathode with a cathode spot. 

The heated cathode! requires power to keep it hot, 
and its life is a function of time as well as a function 
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of current. Considerable time is required after the 
cathode power has been turned on before the cathode 
reaches a temperature which will allow it to carry 
full load current. This time delay varies from 5 
seconds to !/, hour and is determined by the heating 
efficiency of the cathode, the most efficient cathodes 
ordinarily having the longest heating time. Hot 
cathodes are fairly well developed at present and are 
used in many gas filled tubes with success. Such 
cathodes must be heated continuously if the tubes 
are to be ready for immediate use. 

The pool-type mercury-arc rectifier offers an ex- 
ample of the cathode spot method of obtaining elec- 
tron emission from a metallic surface. The electron 
source appears as a brilliant spot of light on the sur- 
face of the cathode, and is in continuous motion un- 
less stabilized by some such device as a metallic 
point protruding up through the mercury surface. 
Several amperes are required to maintain the spot, 
and some mercury arc rectifier tubes have auxiliary 
anodes to draw enough current to prevent the cathode 
spot from extinguishing. Several methods of starting 
a cathode spot are used, most of them requiring 
considerable power. These are: 


1. The formation of a spark by interrupting a circuit at the surface 
of the mercury.? This is accomplished by a metallic plunger in the 
large rectifiers, and by rocking the tube in the small glass-tube type 
of rectifier. 

2. The use of a high voltage suddenly applied to an electrode placed 
outside the glass near the boundary of the mercury cathode. This 
method is used for starting mercury lamps and has been very success- 
fully applied to controlling mercury are stroboscopic light sources,? 
in which case the starting voltage is accurately controlled by means 
of gas-filled grid-controlled thermionic tubes. 

3. The use of the igniter type‘ of resistance starter in which a surge 
of current passes through a high resistivity rod projecting into the 
pool. 


Tubes using cathode spots on metals other than 
mercury have not been considered practical, because 
the metallic cathode material is rapidly evaporated 
or sputtered away. The same phenomenon occurs in 


Fig. 1. Grid-controlled 
cold-cathode arc-dis- 
charge tube, and dia- 
gram showing arrange- 

ment of elements 


A—Ceramic insulator 
B—Plate 
C—Cathode 
D—Inner grid 
E—Grid 
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Fig. 2. Electrical 
breakdown  character- 
istics of grid-controlled 
cold-cathode arc-dis- 

charge tube 
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Fig. 3. Typical 
circuit for tube 


mercury cathodes, yet they are practical because the 
mercury may be returned to the cathode easily. The 
tube described in this paper obtains its emission from 
a cathode spot on metal with a caesium coating, 
but the design of the tube is such that for certain 
circuit applications the life of the cathode is long 
enough to make the tube of practical value. 

Still another type of cathode is that used in glow 
discharge tubes.>®”? In these cathodes the electron 
emission is obtained from a large area of metal by 
means of bombardment by positive ions. The 
voltage drop in such a tube is limited by the cathode 
fall of potential, which ranges from a minimum of 
about 50 volts to several hundred volts. The current 
carrying capacity of this type of tube also is limited 
by cathode heating and destruction of the cathode 
surface by bombardment with positive ions. 


CHARACTERISTICS OF THE NEW 
CoLp-CATHODE ARC-DISCHARGE TUBE 


The new type of tube described in this paper is 
especially suitable for application as a stroboscopic 
light source. Figure 1 shows a cross-sectional dia- 
gram and a photograph of the tube designed for 
use in a stroboscopic tachometer. 

The cathode consists of a caesium compound which 
breaks down under the action of the cathode spot 
and liberates free caesium. Caesium was chosen 
because of the ease with which it permits spot for- 
mation, and to facilitate further the formation of 
the cathode spot the surface of the cathode is made 
rough and irregular. Surrounding the cathode is a 
ceramic insulator which concentrates the discharge 
on the active portion of the cathode, and also serves 
as a support for the inner grid. 

Directly above the cathode is a wire mesh screen 
which may be referred to as the inner grid. This 
inner grid becomes coated with caesium during the 
operation of the tube, which lowers the breakdown 
voltage to it when it is negative with respect to the 
other electrodes. Above the inner grid is the grid 
proper, which is made of graphite. This material 
is used for the grid because the caesium that con- 
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denses on it does not lower the breakdown voltage 
to it, thus permitting a higher anode voltage. 

About an inch above the grid is the anode, the 
anode support wire being insulated by means of a 
glass sleeve to prevent the discharge from taking the 
shorter path to the anode support. During the 
operation of the tube there is a bright column of 


Fig. 4. Transient 
volt-ampere char- 
acteristics of tube 


PLATE AMPERES 


LIGHT 
GRID Fig. 5. Circuit 
SCREEN crip for use of tube in 
stroboscope 


C—4 microfarads 


R—2,000-50,000 ohms 


light about 1/, inch in diameter extending from the 
anode to the cathode. 

Any one of the noble gases—argon, neon, or helium 
—may be used in the tube, the usual pressure being 
from 1 to 2 centimeters of mercury. Neon is pre- 
ferred when the tube is used as a stroboscopic light 
source because of its greater light output, but for 
control purposes a tube filled with argon is equally 
useful. 

The discharge in the tube starts as a glow and im- 
mediately transfers to an arc with a cathode spot if 
the circuit to which the tube is connected is capable 
of supplying sufficient power. In normal use the 
tube is not operated as a glow discharge device but 
as an arc discharge tube, for it has been found that 
a cathode spot will form readily and consistently. 
Special circuits are required in order that the initial 
current shall have a value sufficiently high to cause 
the transfer from glow to arc, but the average cur- 
rent must be limited to a value that will not cause 
overheating. 

Typical characteristics of a tube as used in the 
stroboscopic tachometer are as follows: 


100 to 120 volts 
100 to 120 volts 
300 to 400 volts 
200 to 300 amperes 
50 milliamperes 


Breakdown voltage, inner grid to cathode 

Breakdown voltage, grid to inner grid 

Breakdown voltage, plate to grid 

Peak current 

Average current 

Life (operating 60 times per second under the 
above conditions) 


When the breakdown voltage between any 2 
elements of the tube is exceeded, a glow discharge 
starts. This is normally brought about by causing 
the voltage between the grid and inner grid to exceed 
the breakdown point, the inner grid being negative. 


500 to 1,000 hours 
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Either grid may be used as the control grid, depend- 
ing on the polarity and magnitude of the control 
voltage. 

Figure 2 is a graph of the breakdown character- 
istics of the tube, showing that the breakdown vol- 
tage of the grid to the inner grid is constant, with 
the inner grid at cathode potential, if the plate 
voltage is less than about 400 volts. For plate 
voltages larger than this, the discharge will start 
between the plate and the grid. The curve shows 
that the plate voltage, to cause breakdown, increases 
as the grid voltage increases, until the grid voltage 
reaches a value where breakdown occurs to the inner 
grid from the grid. In experimental determining 
these characteristics the inner grid was connected 
to the cathode through a 10,000 ohm resistance. 

The breakdown characteristic is unsymmetrical 
about the grid voltage axis on the diagram shown 
in figure 2, since the breakdown voltage is a function 
of the condition of the surface of the particular ele- 
ment that is being used as the cathode. That is, the 
initial breakdown with the inner grid as cathode 
occurs at a lower voltage than with the inner grid 
as anode, because of the caesium on the inner grid. 


OPERATION OF THE 
CoLD-CATHODE ARC-DISCHARGE TUBE 


Figure 3 shows a typical circuit for the tube of 
figure 1. When the tube becomes conducting, the 
energy in the capacitor is dissipated in the impedance 
represented by Z and FR and the tube. If the im- 
pedance is too large, the current will not rise to a 
value necessary to form a cathode spot, and the dis- 
charge in the tube will remain a glow, with the re- 
sulting high tube drop. The maximum value that 
the impedance may have will depend on the value 
of the capacitance C and the supply voltage V. An 
impedance R, limits the flow of charging current 
to the capacitor, preventing a too rapid increase 
of voltage across the capacitor after it has been dis- 
charged. This impedance may be a combination of 
resistance and inductance, although resistance alone 
is satisfactory. In one of the applications given later, 
the impedance R is the coil of a message register. 
A transformer T may be used to produce a pulse of 
voltage when the capacitor charges. 

An important characteristic of the type of circuit 
shown in figure 3 is that the arc will extinguish itself 
even if the supply is direct current. This comes 
about in the following manner. The impedance of 
the tube and capacitor circuit is low and allows a 


STROBOSCOPIC TYP 
TUBE Ess 


Fig. 6. Circuit of oscillator controlled stroboscope 


R—1,500 ohms 
Ri, Rs—1 megohm 
Re, Rs—100,000 ohms 


C —4 microfarads 
Ci—0.2 microfarad 
C2—0.001 microfarad 
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large momentary current to flow, which results in 
an arc of low drop. However, when the capacitor 
has discharged to a voltage approximately equal to 
the arc drop, the tube current can be maintained 
only by the flow through the charging resistor R). 
The values of this resistor and the voltage of the 
d-c supply must be such that this residual current 
is too small to maintain the cathode spot. When 
this is the case, the tube drop must rise to that 
necessary to maintain a glow discharge, which is 
some 10 times that necessary to maintain the arc. 
However, by the time the capacitor (and tube) 
voltage has risen to this value the tube has had time 
to deionize, and hence has returned to its normal 
nonconducting state, and will remain so until the 
next grid impulse. The tendency to extinguish may 
be assisted further by a discharge circuit of an 
oscillatory nature, as in figure 3. Capacitors are 
normally used in circuits employing the tube, since 
they offer a means of securing the momentary large 
currents necessary to start the cathode spot, and 
under proper conditions they offer a means of ex- 
tinguishing the arc without breaking the plate circuit 
of the tube. 

The volt-ampere characteristic of a tube in actual 
use, as observed experimentally by a cathode-ray tube, 
is given in figure 4. It was necessary to use a cathode- 
ray tube with an accelerating voltage of 5,000 volts 
in order to get sufficient intensity to be able to see 
the transitory part of the curve (A B C in figure 4) 
because this part of the volt-ampere characteristic 
was passed over very rapidly. Furthermore, transfer 
from glow to arc did not occur at a definite value of 
current each time, as is indicated by the dotted lines 
showing the extent of the variation. At the point 
C on the curve the drop in the tube was about 35 
volts, and at E it was about 15 volts. This drop 
varies with time as well as with current, after initiat- 
ing the discharge, as is clearly shown by the volt- 
ampere characteristic, which is different for in- 
creasing than for decreasing current. At the point 
FE the are extinguishes, and the voltage across the 
tube becomes negative (F) if the resistance R shown 


Fig. 7. A stro- 
boscope using 
mig SS the cold-cath- 
ode arc-dis- 
charge tube 
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in figure 3 is less than that needed to damp the circuit 
critically. The tube does not form a glow or an arc 
with the reversed polarity if the voltages are not 
too high. As the capacitor C charges through the 
impedance R;, the voltage progresses from F to E 
and finally to A in readiness for the next flash. The 


Fig. 8. One 
form of coun- 
ter or relay cir- 
cuit using cold 
cathode tube 


COUNTER OR 
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VOLTAGE 
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voces Fig. 9. An- 
other form of 
relay circuit us- 
ing cold cath- 


ode tube 


constants of the circuit in figure 3 for giving the 
characteristics shown in figure 4 were: 


Vp = 300 volts 

R, = 3,500 ohms 

3 microfarads 

less than 10 ohms 

0.1 millihenries 

120 cycles per second, switching frequency 


Soya 
tou uu 


The peak current is a function of the capacitance 
and the inductance. In stroboscopic light applica- 
tions of the tube, the inductance becomes only that 
in the leads and in the capacitor. The peak current 
then becomes very high, approaching several hundred 
amperes. 

If the resistance R in the discharge circuit is 
increased, the inverse voltage shown at F (figure 4) 
is reduced, and if the resistance is made large enough, 
the tube will “hold over” into a continuous glow 
discharge. No general rule has been formulated 
for the maximum allowable resistance, for in all 
applications that have been tried, the resistance is 
purposely quite smallin value. The maximum allow- 
able resistance is considerably greater than the 
critical damping resistance of the LC circuit. 


APPLICATIONS 


The successful use of the tube that has been de- 
scribed depends on the proper recognition of its 
special characteristics. It is particularly well adap- 
ted to circuits requiring large momentary currents 
but relatively small average currents. The large 
momentary current required to form the cathode 
spot is readily obtained from a capacitor discharge, 
and in all of the following applications a capacitor 
is used with the tube. 
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The tube was developed primarily as a strobo- 
scopic light source, large cathode emission being 
necessary to permit the high peak currents which 
produce the bright flashes of light for stroboscopic 
illumination. The simplest stroboscopic circuit is 
of the relaxation oscillator type as shown in figure 
5. The capacitor is charged from a source of direct 
current through the adjustable resistor R. When 
the voltage across the capacitor reaches a value 
where the breakdown voltage between the grids is 


NY 
J\\ 


Fig. 10. Circuit arrangement for producing con- 
trolled sparks 
C—0.15 microfarad 


C—0.0005 microferad 
T—Spark coil 


R—1,500 ohms 
R—1 megohm 


exceeded, the tube becomes conducting and the 
capacitor discharges through it, producing a bright 
flash of light. The discharge lasts only a few micro- 
seconds, and the current in the tube reaches a value 
of several hundred amperes. In this type of circuit 
there is sufficient inductance in the capacitor and 
leads to the tube to produce oscillations, and as has 
been explained above, because of this the voltage 
across the tube goes below the potential required 
for maintaining a continuous discharge. This allows 
the tube to deionize so that it will not remain con- 
ducting and form a steady glow discharge when the 
voltage across the capacitor rises, due to the charg- 
ing current from the power source. The phenomenon 
described above is important in that it helps to 
extinguish the arc without the necessity of opening 
the plate circuit. 

When the voltage across the capacitor again 
reaches the critical value, the capacitor discharges 
through the tube, and the sequence repeats at 
regular intervals, giving flashes of light at a constant 
frequency. The frequency can be changed by vary- 
ing the resistance R, or the voltage of the power 
supply. To eliminate undesired changes in frequency 
with changing supply voltage, the circuit in figure 
6 has been developed, in which the tube is driven 
by an oscillator of the multivibrator type. 

The stroboscopic lamp circuit is similar to that 
in figure 5. However, the positive bias on the grid 
is adjusted so that the critical value of voltage 
between grids will not be exceeded even when the 
capacitor is fully charged. The driving oscillator is 
coupled to the inner grid of the tube through a 
small capacitor, and gives the inner grid a negative 
voltage pulse which starts the discharge. 

The multivibrator control oscillator is of a con- 
ventional type except for the method of varying the 
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frequency. The oscillator frequency is changed by 
varying the positive bias on the grids, as this method 
gives both a linear frequency scale and a wide fre- 
quency range (6 to 1). The multivibrator oscillator 
is remarkably stable and practically free from 
frequency changes resulting from varying supply volt- 
age, and is well suited as a frequency control for 
a stroboscope. 

A stroboscope now being manufactured, and shown 
in figure 7, uses a circuit similar to that just described. 
The instrument is intended primarily for use as a 
tachometer, and the frequency control dial is cali- 
brated in revolutions per minute. It has 2 frequency 
scales ranging from 600 to 14,400 flashes per minute, 
and is calibrated with an accuracy of about 2 per 
cent of full scale reading. The instrument is useful 
for measuring directly the speed of rotation or vibra- 
tion of objects, as well as serving as a stroboscope. 
The flashes may be controlled by means of an ex- 
ternal contactor; or synchronized with the 60 cycle 
mains. 

An excellent application of the arc discharge tube 
occurs in relay and counting circuits. The tube 
permits the passage of heavy currents, which makes 
it possible to construct a very quick acting relay or 
counter. There are 2 general types of circuits shown 
in figures 8 and 9. In figure 8 the relay or counter 
is operated by the charging current of the capacitor 
and it should be a fairly high impedance device; 
at least 500 ohms. In figure 9 the counter or relay 
is operated by the discharge current of the capacitor, 
and should possess low impedance. A circuit similar — 
to figure 8 has been employed in a portable battery- 
operated cosmic-ray counter developed by Drs. 
E. M. Pritchard and R. D. Bennett at the Massa- 
chusetts Institute of Technology. Battery operation 
of this device became possible only when a high- 
current low-voltage cold-cathode tube such as 
that herein described was developed. 

Gas engine ignition offers an application of the 
tube, as indicated in the circuit shown in figure 10. 
The tube does not require cathode heating power or a 
time delay for heating. Advantages of this circuit 
are: 


1. Negligible wear of breaker points 
2. Low battery drain at low speed 


3. An equally powerful spark at all speeds; in particular, at low 
and high speeds 


4. More accurate timing than with the usual breakers 


5. Elimination of contacts of the cam type 


The principal disadvantage is that a fairly high 
steady voltage (250 volts) is needed. Motor genera- 
tors or vibrators such as those developed for auto- 
mobile radios are satisfactory for this purpose. 

The circuit for automobile ignition is also suitable 
for spark recording on paper. There are a number of 
high speed recorders that utilize a spark through 
paper as an indicator, and the circuit shown in 
figure 10 supplies a hot spark that can be accurately 
controlled with very little power. 

A further application of the circuit of figure 10 
is for the starting of mercury pool tubes. The high 
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Report of the 
Board of Directors 


The board of directors of the American 
Institute of Electrical Engineers presents 
herewith to the membership its fifty-second 
annual report, for the fiscal year ending 
April 30, 1936. A general balance sheet 
showing the condition of the Institute’s 
finances on April 30, 1936, together with 
other detailed financial statements, is in- 
cluded herein. This report contains a brief 
summary of the principal activities of the In- 
stitute during the year, more detailed infor- 


mation having been published from month 
to month in ELECTRICAL ENGINEERING. 


BoarpD oF Directors’ MEETINGS 


During the year, the board of directors held 5 
meetings, 4 in New York City, and 1 at Cornell 
University, Ithaca, N. Y. The executive committee 
meetings in December and March were held in place 
of regular meetings of the board. Information 
regarding many of the more important activities of 
the Institute which have been under consideration 
by the board of directors and the committees is 
published each month in the section of ELECTRICAL 
ENGINEERING devoted to “News of Institute and 
Related Activities.” 


PRESIDENT’S VISITS 


President Meyer attended the Pacific Coast and 
winter conventions and the Great Lakes District 
meeting. He also visited many Sections, and a 
considerable number of educational institutions in 
their vicinities. In several cases, he addressed 
general assemblies of students or assemblies of engi- 
neering students, while in certain other cases he 
spoke at meetings of the A.I.E.E. Student Branches. 

The places visited are listed below: 


Seattle, Wash. (Pacific Coast convention); University of Washing- 
ton, Seattle; Spokane, Wash.; Portland, Ore.; San Francisco, 
Calif.; University of California, Berkeley; Los Angeles, Calif.; 
California Institute of Technology, Pasadena; St. Louis, Mo.; 
Washington University, St. Louis, Mo.; Purdue University, Lafa- 
yette, Ind. (Great Lakes District meeting); Rhode Island State 
College, Kingston; Providence, R. I.; Brown University, Provi- 
dence; Washington, D. C. (American Engineering Council); Pitts- 
burgh, Pa.; Erie, Pa.; New York, N. Y. (winter convention and 
other meetings); Kansas City, Mo.; University of Kansas, Law- 
rence; Kansas State College, Manhattan; Oklahoma City, Okla.; 
University of Oklahoma, Norman; Dallas, Texas; University of 
Texas, Austin; San Antonio, Texas; A. & M. College of Texas, 
College Station; Houston, Texas; Rice Institute, Houston; New 
Orleans, La.; Tulane University, New Orleans, La.; Louisiana 
State University, Baton Rouge; Memphis, Tenn.; Louisville, Ky.; 
University of Louisville; Pratt Institute, Brooklyn, N. Y.; Newark 
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Technical School, and Newark College of Engineering, Newark, 
N. J.; and Rutgers University, New Brunswick, N. J. 


During May and June, President Meyer will visit 
the Cincinnati, Cleveland, Philadelphia, and Sharon 
Sections, and will attend the North Eastern District 
meeting, New Haven, Conn., and the summer 
convention, Pasadena, Calif. 


NATIONAL CONVENTIONS 


Three national conventions were held during the 
year, and a brief report on each follows. 

Summer Convention. The fifty-first summer con- 
vention was held at Cornell University, Ithaca, N. Y., 
June 24-28, 1935. Thirty-nine papers were pre- 
sented during the 10 technical sessions, and in addi- 
tion 2 special addresses were presented. Other parts 
of the convention were the annual business meeting 
of the Institute, conference of officers, delegates, and 
members, golf and tennis tournaments, president’s 
reception and dance, banquet and ladies’ events. 
The Lamme Medal for 1934 was presented to Henry 
E. Warren, of Ashland, Mass. The registration was 
904. 

Annual Meeting. The annual business meeting of 
the Institute was held on Monday morning June 24, 
as part of the opening session of the summer con- 
vention. The annual report of the board of directors 
for the fiscal year ending April 30, 1935, was pre- 
sented in abstract, and the committee of tellers 
reported upon the election of officers for the adminis- 
trative year beginning August 1, 1935. President- 
elect Meyer responded with a brief address. The 
committee of tellers also reported the adoption by 
the membership of the proposed amendments to 
the A.IJ.E.E. Constitution changing the dates of 
certain steps in the election procedure. 

Pacific Coast Convention. The twenty-third Pa- 
cific Coast convention of the Institute was held in 
Seattle, Wash., August 27-30, 1935. The registra- 
tion was 269, and the attendance at the technical 
sessions was excellent. The technical program in- 
cluded 16 papers at 5 sessions; also 3 special illus- 
trated talks, and, in addition, 10 student papers at 
2 regular sessions held for their presentation and 
discussion. Especially attractive entertainment 
events and trips were included in the program. 

Winter Convention. The twenty-fourth winter 
convention, held in New York City, January 28-31, 
1936, was opened by a brief general session including 
an address of welcome by C. R. Beardsley, chairman 
of the winter convention committee, an address by 
President Meyer, and a brief announcement regard- 
ing the technical sessions by W. R. Smith, chairman 
of the technical program committee. A. M. 
MacCutcheon announced the award of the Mascart 
Medal to Dr. A. E. Kennelly, past-president of the 
Institute. During the 14 sessions held on the first 
3 days, 59 papers were presented. At an evening 
session, the Edison Medal was presented to Dr. L. B. 
Stillwell, past-president of the Institute, and Dr. 
Harlow Shapley, director of the Harvard College 
Observatory, gave a lecture on ‘‘Progress in Measure- 
ments of the Universe.’’ Numerous inspection trips 
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aroused an unusual amount of interest. The regis- 


tration was 1,231. 


District MEETING 


One District meeting was held during the year, 
and a brief report follows. 

Great Lakes District Meeting. The fifth Great 
Lakes District meeting was held at Purdue Univer- 
sity, Lafayette, Ind., October 24-25, 1935. The 
total registration was 457, including about 250 stu- 
dents. The program included 15 technical papers, 
2 special addresses, 15 student papers, inspection 
trips, and entertainment events. 


SECTIONS 


As measured by interest and enthusiasm, as well 
as by the statistics on meetings and attendance, the 
Sections had a year of outstanding success. Al- 
though no new Sections were formed during the 
year, the total number of meetings was the largest 
ever reported for a fiscal year, and practically all 
Sections carried on a normal amount of activity. 

There was a marked increase in interest in tech- 
nical groups, special technical meetings, and other 
features especially attractive to considerable num- 
bers of members. 

The Sections which have been holding meetings 
with neighboring Branches for the presentation of 
programs by students and those which have held 
annual meetings for competition among their mem- 
bers continued, with good results in nearly all cases. 

Under authorization voted by the board of direc- 
tors at its August meeting, the president appointed 
a committee to initiate and carry out a suitable 
national celebration of the fiftieth anniversary 
(March 20, 1936) of the establishment of the alter- 
nating current system in America. The committee 
decided to hold a dinner meeting in New York City 
on March 20 and to encourage Institute Sections to 
hold meetings on or near that date, with programs 
commemorating the event and bringing out facts 
regarding the importance of the alternating current 
developments in their vicinities. About 54 Sections 
held such meetings. More than 500 attended the 
dinner meeting in New York. 

More detailed information on these activities may 
be found in the annual report on Section and Branch 
activities in the June issue of ELecrricaL ENGI- 
NEERING, pages 752-4. 


STUDENT ACTIVITIES 


A Branch was organized at the University of 
Maryland, College Park, in March 1936, under 
authorization granted by the executive committee of 
the Institute on March 9, bringing the total number 
to 118. 

Many of the Branches were exceptionally active 
during the year, with only a comparatively small 
number carrying on little or no activity, and the 
total number of meetings reported was 1,045, which 
is the largest number for any fiscal year since that 
ending on April 30, 19382. 
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Some of the Branches have shown a renewed 
realization of the fact that the effectiveness of their 
activities and their value to the students are de- 
pendent upon the amount of student participation 
in the programs. Many Branches had considerable 
numbers of talks by students with good results, but 
this highly important part of Branch activity is 
still being neglected in many cases. 

The terms of enrollment of 1,226 students expired 
on April 30, 1936, and about 50 per cent applied 
for admission as Associates. 

Students have continued to take active parts in 
the programs of the Pacific Coast convention and 
the District meetings, and have shown keen appre-. 
ciation of these opportunities to form contacts with 
practicing engineers. . 

Additional information on these activities appears 
in the annual report on Section and Branch activities 
in the June issue of ELECTRICAL ENGINEERING, 


pages 752-4. 


SECTION AND BRANCH STATISTICS 


Data on the Sections and Branches are given in 
table I. 


Table !—Section and Branch Statistics 


For Fiscal Year Ending 


April 30, April30, April 30, April 30, 

1930 1932 1934 1936 
Sections 
NumberofSectionse ass. aeee OOn er 6On=or Glee rt 61 
Number of Section meetings held.... 480.... 497.... 472.... 540 
Total attendance... .cvocecs sec os si S4jO1L0n) 105,825. hole tL eo ous 
Branches 
INumberiofiBranches: cmon 21sec LOO mae 109%, .20 TLL SS ees 
Number of Branch meetings held.... 1,009.... 1,185.... 1,015.... 1,045 
otal: attendances 04 2 serveracctc cece 50,401.... 54,197....41,772....45,304 


TECHNICAL PROGRAM COMMITTEE 


The work of the technical program committee has 
continued uninterrupted throughout the past year, 
and has been carried on along the lines of procedure 
which have been developed out of the experience of 
previous committees, especially those of the past 
several years. Four meetings of the committee were 
held during the year. Under the present publication 
policy of the Institute the committee’s 2 especial 
responsibilities are: 


1. The reviewing of all papers to determine their suitability for 
publication in ELECTRICAL ENGINEERING. 


2. The selection of papers for presentation at national conventions 
and the arrangement of such papers into programs for technical 
sessions. In this connection consideration is given to the needs of 
District meetings and assistance rendered to those locally in charge 
of the programs for such meetings. 


The committee deems of primary importance in 
connection with its review and approval of papers 
for publication the maintenance of a standard with 
respect to the character of papers and the importance 
of their technical content which is consistent with 
the aims and purpose of the Institute. This phase 
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of the committee’s activity has called for painstaking 
work on the part of competent reviewers selected by 
the technical committee chairmen from the personnel 
of their committees or the general membership. 
Assistance has been rendered to the committee on 
award of Institute prizes by the grading of each 
paper when initially reviewed. 

Program Duversification and Subject Balance. In 
the arrangement of technical programs for the 
national conventions the committee has endeavored 
to meet the needs of both the specialist and the 
average member by scheduling a variety of subject 
matter. The study of the analysis of subject matter 
presented in papers over a period of years has been 
continued. Through the results of this study, 
efforts are made to attain a subject balance in pro- 
portion to the occupations and interests of all mem- 
bers. At the last summer convention an entire 
session was devoted to applications to iron and steel 
production, and at the winter convention a sym- 
posium on magnetic materials was held. Sessions 
had not been devoted to these subjects for several 
years. 

Technical Conferences. For the benefit of special- 
ists and the younger members, 14 technical confer- 
ences devoted to specialized subjects were scheduled 
during the last summer convention held at Ithaca, 
N. Y. These conferences were arranged by the 
chairmen of subcommittees through their respective 
technical committees. They afforded opportunity 
for the committees to obtain assistance from indi- 
viduals, and through the mutual exchange of infor- 
mation in discussion both the committees and the 
individuals have profited. Three such conferences 
were held during the 1936 winter convention and 
were well attended. They dealt with the subjects 
of network synthesis, sound, and transformers for 
communication purposes. Arrangements are being 
made to schedule a number of technical conferences 
at the forthcoming summer convention to be held at 
Pasadena, Calif. 

An analysis of the papers reviewed by the technical 
program committee, as shown in table II, when 
compared with the analysis for the previous year, 
indicates that the number of papers reviewed and 


the total number of pages required have remained 
about the same, as has also the average length of 
papers. The reviewers of papers have been selective 
in accepting material, and of the papers presented to 
the committee for consideration 78 per cent were 
accepted, some of the papers being returned to 
authors with suggestions for revision. All discus- 
sions have also been reviewed. 

Although convention attendance is greatly influ- 
enced by the location of conventions, it is gratifying 
to note that the total attendance for the past year 
represented a 9.8 per cent increase over that for the 
previous year, notwithstanding that there was one 
more District meeting in the corresponding interval 
during the previous year. 

Acknowledgment is extended to the members of 
the committee, the technical committees, reviewers 
and members of the headquarters staff for their 
assistance and co-operation, which have been very 
helpful in carrying on the work of the committee. 


PUBLICATION COMMITTEE 


1935 marked the second year of operation under 
the unified publication plan adopted by the board of 
directors in August 1933. As scheduled, ELECTRICAL 
ENGINEERING has carried monthly to all members of 
the Institute: (1) the full text of all recommended 
technical papers, (2) the full text of all recommended 
discussions of those papers, (8) a few of the special 
articles and other general interest features that con- 
tinue to be highly popular among the membership, 
and (4) regular news reports of Institute and related 
activities. One of the most popular features this 
year has been the monthly “‘message from the presi- 
dent” contributed regularly by President E. B. 
Meyer. 

The TRANSACTIONS is now identical in content with 
the 12 monthly issues of ELECTRICAL ENGINEERING 
for the calendar year, and is issued as a single cloth- 
bound volume, complete with a comprehensive in- 
dexing system designed to correlate the technical 
papers and their associated discussions, and to pro- 
vide a convenient channel of approach to either or 
both. 


Table li—Analysis of Papers Reviewed by the Technical Program Committee and Attendance at Meetings for the Past Year 


————t 


Average 
Page Attendance 
April 30, 1935 Total Length April 30, 1934 
to No. No. Per _ to 

April 30, 1936 Papers Pages Paper Attendance April 30, 1935 
National Conventions 
Bthaca, INV, June 24-28 8 ioe cic cc wlee cee e SON aa rs:s s/eteleune DESY. 5 6 Aecucreeo 5 a0 (econ oad 2.00 DO 4 Sersteereey sicieve.sre 351 Hot Springs, Va., June 25-29 
Seatules Wash: Ate (OO aereeas cus ieiete e.eievels, 1S. aerareeeeion GS Meeraitens «sae! aretere 53 /4.ccrsVersis oletevclefere PANU NGS 6 65, AOS 232 Salt Lake City, Sept. 3-7 
NCW Ofic Ate Ss Olli. cislo)ocelisolaere) sls 2)0 0 +10 ic godt do.6 BOLL Alirieie >) oisvsnensterstte G1 /acteretotershelere setters 1S 5 cic CRONIN 1,114 New York, Jan. 22-25 
District Meetings 
W. Lafayette, Ind., Oct. 24-25............. CU, ee ira oO Oe Ys 5 4 BO OO0 OO Gi? hevarstcre/torerseeders Bb Tipe rireta Ware 6 oe) 5% 571 Oklahoma City, April 24-26 
Published in Etec. EnGG. only...........-- MSs crsrersneys's sicko. LOU LY. SOO SO On BESO COCO OUND OOD Cnon Sn Snnnnncnnn 337 Worcester, Mass., May 16-18 
WET K7 (i CCR AE 3 56 6.0 JOE S OO DO OED aor MAN a iedguacehete era CER eH SOPOU DOO WO GAnoouonococn ZSOdenccs seiemicige oe 2,605 


Withdrawn and rejected—22 per cent. 

*Includes 4 papers re-presented from summer convention program. 
**Includes 1 paper re-presented from Pacific Coast convention program. 
These 3 items are not included in column totals. 

Percentage increase in attendance—9.8 per cent. 
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The new publication program has given a broader 
service to the membership at a substantial reduction 
in cost, and, judging by comments received from 


many members, has met with wide approval. 


MEMBERSHIP COMMITTEE 


The membership committee has continued its 
activities along the lines of the past 2 years as de- 


scribed in previous reports. _ é; 
As a result of the splendid work of the Section 


membership committees, co-ordinated by the mem- 
bership committee, and aided by the entire member- 
ship by sending in the names of those thought worthy 
to be invited to join the Institute, the committee is 
happy to report a net membership gain for the year, 
the first since 1931. 

The membership statistics for the year are shown 
in table III, the membership of 14,600 representing 
a net gain of 331 over last year. 

An increase in applications is shown in table IV, 
and the increased Student enrollment shown in 
table V should provide for an increase in applications 
from Students for admission to Associate member- 
ship in the coming year. 

The number of members reinstated as shown in 
table VI indicates a decrease, which is good as the 
the total number is decreasing. This is further 
shown in tables VII and VIII. 

Table IX has been added as a convenient reference 
for the record of Institute membership. 


Table Ill—Membership Statistics for the Fiscal Year Ending 
April 30, 1936 


Table V—Number of Enrolled Students 


April SO, LOSS sarsaret-tave, ovetesats oveyeuelete no talesebetahnterecriipc*|-atametemenn* “Mian 4,049 (1,991) 
LOR ete, ha A atta te c cuales, © Cbd Geaemarat eats cite del pete eek cae 3,806 (1,983) 


April 30, 

April 80, LQBA tec crt ciples ein cetene’+ «ceo Ur Matsialane oye, oo8 (rev tavabe =r eheiaNanate 3,186 (1,548) 
TSS URI CES) SUnBROM A inner en 0 pinged Aro ee an omono btm peoe oo 3,260 (1,494) 
April SOU OS2) tare ecas cycteved eiovevste tegen «) 2) o-1 Maneea etait 2) ae Pain: cies a ea 3,700 (1,624) 


Following the number of Students reported for April 30 of each year is indicated 
within parentheses the number of new applications received during that year; 
the difference between this number and the reported total, of course, reflects the 
number of renewals of Student enrollment for the corresponding period. 


Table Vi—Number of Members in Section Territory Re- 


instated 
August 1, 1935 to April 30, 1936....... 0-82 eee ee ee te ee ene 608 
Vear beginning Atigust. 1) 1934701. wotmaeetonerelcueir ie «ie eters otal eet 831 * 
Year beginning August 1, 1933........... 0.66 Sees e eens wee eens 741 
Vear beginning Atigust 1) 1932)... 9.2 ebemnn etter) «(ter iaieeteeta Olas t ens 277 
Veariberinnin 2A Ueust Lyi Ooi ge «crete eennee tele < ot egete tee te ee 327 


Table Vil—Membership of the Institute, April 30, 1936 


<a 


Of the 14,600 members reported for April 30, 1936, 12,446 are fully paid to April 
30, 1936. The balance of 2,154 are divided into the following groups: 


1. Members owing dues to April 30, 1935. 

Total number of members who have not acted upon resolution of board of 
directors adopted in January 1936 providing an extension of time for pay- 
ment of these dues (including 291 members of 6 years’ standing or longer 

who were entitled, upon application, to dues cancellation if unemployed dur- 
ingicorresponding fiscal year)’. 2: \5 cites elie ove « a> wledom is ele <feleie sae esl teen anne 609 
Total number of members who obtained dues cancellation to April 30, 1935, 
because of unemployment, but who have not yet renewed active membership 

on pro rata basis for current year as provided in resolution of board of direc- 


tors:adopted in) January 1936)... cee re ne tie, wk otruepel can seas aoe eee 8. 
617 
2) Membersowing dues'to April:30) 19862) 00 1.0. / ren nee teint oe 1,537 


(During the period May 1 to 20, 1936, 214 members have paid dues to 
April 30, 1936, reducing the total to 1,323.) 


6-Year 
Honor- Asso- Asso- 4 . 
ary Fellow Member ciate ciate Total Table VIlI—Memberships Fully Paid 
Membership on April 30, Numb 
LOSD irs on keh cies dies ee Ps 691.....3,709... 15,632... .4,225. ...14,269 Membership Monbere it Gan 
ats. as of Paid as of Fully 
April 30 April 30 i 
SE RSCLEREE Ste stars tps inte eee hanes VY ee 208. . OD) ie tenet bi Sacets ; a a 
New members qualified.... ...... ‘Sir 139.. 31 1,136. 
Former members reinstated ...... 5 38... 88. 80 VEU BLDG cacheiits.21 1) CRORE. OG GCS OMESAMI TAA ner axe 145600305. vee 12,446 sane 85.2 
ae LOSS store cninecseatgte! os sa latacate a eRe wavs. arn) Meee ee eee 14,269 aes TA, 512 eee 80.5 
eDotalsemery eye: Den onP anak UItY BORA P ing ott C olson SICKEST eta s.. co anmonion Oui Ramin uri as.< 1523009 TOSS seen 72.4 
Se Ree 1927 (year of maximum membership)........ 18,344...... 16324. 7e crete 88.5 
ICG Becket cstetee cite sate teis 1 15.. 26 46. 8 
Resigned a.m escent slnierses 4.. 48 137. 107; 
Ebransterredi. jon). Grates waitin oBy Sdedenara se 24. 184 648. 
1B) a) o} cafe Ur Mersey acu PEGG, sh di ek Ais eee 8 84. 326 379 
re ee = Table IX—Record of A.1.E.E. Membership 
DISC Merc are tecsvc | bea ee L099: 3,912. 5,679 4,299....14,600 Pai its 
Total é Total Total Total 
Membership Membership Membership Membership 
May 1 May 1 May 1 May 1 
Table !V—Number of Applications Received From Enrolled 1884... TUES. «ONS 1.008) 1910.9 7,117 1924......16,455 
Students and From All Others ESS5i aes 209MM SOS ceva LeSssie LOTS a ee (5409) 1925 nee 17,319 
1886-0 aces 250°) 19000). ae LSS Ol See 75054) 19267 eee 18,158 
a! VSSY< 5. .test OL 4 LOOM. + 1°260 1914 See 570 1027 eee 18,344 
1580) pee 333 Mi00l en . 4 1,549 1915...... 8,054 _.18, 
Year Ending From Students From All Others Total 1890...... 27 VOOSR «4, 020 1016, ee 8,212 a ee 
ee Apt oh ish OO Sree 5. S02 sO, See 8,710) 21930). eee 18,003 
j 1802)..6. 655 15 190bs ee. « 35460) S10 18% 9,282 1931. ; 
April 30, 1938... 2.2.20... 681 et me gerd 046 45,4h eae 1577 degen. 0 673 1906...... 3.8706 (1010) Sinus 10-352 "1938... {7 660 
oath es we to ie Meds otatenin err a ee O16 055 Ra Sec ee 1,290 RY IS eee 800) “LOOT aetec:. 4,521 19209 ..e 11,3845 9835.8 17,019 
ae a eee a ia Sea ties, se ee 496 ¢ Damaceanshele ©, ae ee 963 VSO90 Koc 944 1908...... 5,674.0 1OQTe ses 13:2 115 e084 ee 15,200 
re ay a a ee peg: nee BOB Mattia aces . 979 1896...... OSS ee LOS Ran i.r: 6;400)8 192275 see 14263 10352.0-.5 14.269 
p : 2 OSE ORY 4 a ae ese C12 SS Rinevan anes eee 1,391 TSO eee 173 “19100 ieee 665170237 seen 15,298) 1 OoGnerree 14,600 
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The committee closes this report with essentially 
the same statement which closed last year’s report, 
as the same conditions exist. It is not possible in a 
short space to picture adequately the great amount 
of work which the Section membership committee 
chairmen and their committees continually contrib- 
ute to the membership activities of the Institute. 
The fact that new applications were received from 
every Section of the Institute but one attests to the 
universality of the work and the completeness of the 
extent of the activities. It is due to the work of these 
groups combined with the efficient work of the head- 
quarters staff in its manifold forms that the mem- 
bership figures are good. 


DEATHS 


The following deaths occurred during the year: 


Honorary Member: Edwin Wilbur Rice, Jr. 


Fellows: Allen H. Babcock, J. Rowland Bibbins, Herbert W. Drake, 
Orville H. Ensign, Sergius P. Grace, Harry U. Hart, J. Allen John- 
son, Charles F. Lacombe, Scott Lynn, Clifford S. MacCalla, Talbot 
G. Martin, Bryce E. Morrow, Jakob E. Noeggerath, William H. 
Powell, Hassan C. A. Sabbah. 


Members: Lawrence D. Bale, John M. Brodie, M. Bayard Butler, Jr., 
Louis G. Carpenter, James Clark, Jr., Edward A. Colby, James 
S. Fitzmaurice, Sataro Fukunaka, Lewis Fussell, William C. Got- 
shall, Mortimer D. Gould, Jay H. Hall, John J. Howard, Basil 
Lanphier, Claude W. Mitchell, Arthur J. Pates, Samuel R. Pritch- 
ard, Edward A. Quinn, Benjamin S. Read, Malcolm C. Rorty, 
Frank E. Smith, Robert C. Smith, Frank B. Steele, A. Raymond 
Tremaine, Otto W. Walter, Franklin W. Wood. 


Associates: William Anderson, Theodore Beran, Eskil Berg, Charles 
N. Black, Eli J. Blake, Charles R. Blanchard, Carl Borgmann, 
Edgar P. Broe, Arthur D. Buzby, Charles M. Clark, Samuel D. 
Collett, Kenneth L. Curtis, Delamore L. Davis, William J. M. 
Davison, Edwin A. Diestler, Kingsley G. Dunn, Marvin N. Fell- 
man, Richard Fleming, Harrison G. Folan, Sumito Fukasawa, 
James F. Greene, William A. Harding, Frank R. Harvey, Francis 
R. Healey, Pienchun Huang, Kenneth B. Jones, Dudley H. Keyes, 
John G. Kleindienst, F. H. Knox, Richard Koch, Frank Land, 
J. Logan MacBurney, Joseph H. McHugh, James E. Moravec, 
A.Saunders Morris, Clarence F. Norberg, George W. Oliver, Frederick 
L. Pierce, David Rasmussen, Paul F. Rauscher, Almon Robinson, 
Eugene H. Rosenquest, Harley C. Sehulze, Edward K. Shelton, Wil- 
lard M. Smith, Shanker S. Tatrey, Arthur J. Townsend, Harry W. 
Turner, Philip V. R. Van Wyck, Norman J. Wilson, J. E. Wood- 
bridge, William Woodrow, Julian E. Woodwell, Aldin W. Wurts. 


BOARD OF EXAMINERS 


The board of examiners held 11 meetings during 
the past year, averaging about 21/2 hours each, and 
considered 3,459 cases, divided as shown in table X. 


STANDARDS COMMITTEE : 


During the past year the standards committee 
held 4 meetings, averaging about 3 hours each. In 
addition to the usual routine review of the status 
of the various standards activities, the following 
specific projects came up for action: lightning ar- 
rester standards and automatic station standards— 
ordered printed in revised form; fuse standards— 
a new standard approved for publication; revised 
report on relay standards—approved for transmis- 
sion to American Standards Association. 

A further development of the ‘‘Test Code’ under- 
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taking was evidenced in the approval given to sug- 
gested codes for ‘“‘Noise Measurement’? and for 
“Instruments and Measurements.’ 

Among the many A.S.A. sectional committee proj- 
ects which have as their basis standards submitted 
to A.S.A. by the Institute, 2 reached a final stage, 
as follows: rotating electrical machinery standards— 
approved and published by A.S.A.; standards for 
railway motors and other rotating electrical ma- 
chinery on rail cars and locomotives—approved by 
A.I.E.E. as sponsor. In many cases it was found 
necessary to revamp A.I.E.E. representation on 
sectional committees, and in one case, that of scien- 
tific and engineering symbols and abbreviations, to 
reorganize the committee entirely, splitting it into 
2 distinct projects. 

Two new undertakings of interest arose in which 
the Institute was asked to participate, the sectional 
committee on radio-electrical co-ordination and the 
committee on grounding. 


Table X—Applications for Admission and Transfer 


Applications for Admission 


Recommended for grade of Associate.........--..-+2eeeeeeeeeee 1,114 

Re-elected tothe grade/of Associate: <2. 0.65000. 500 ss sates s sie 69 

Not recontiziended 6 Oo sieai oon a crate oiesatsie’ars feel ceete a tehe aials a aMe iar e 7 1,190 

Recommended for grade of Member..............0ceceeeerenees 127 

Re-elected to the grade of Member............ 20 cee ee eeeeeceess 9 

Not:recommended: 7. cies cite ereresels eaten Pe ain a) seater 30 166 

Recommended for grade of Fellow..........-.-.cceeeeceveeeeee 4 

Not recommend editrs cramer sate pastainan sis eensrencs ts cekoens eps re aero aoe 2 6 

Applications for Transfer 

Recommended for grade of Member.............000+-see0e0% Se e200 

Not recommended «.o3,sS.custe ccs oales Serene wd Ve areas tuets staat rete 24 229 

Recommended for grade of Fellow................. eee eeeeeeeee 27 

Not ‘recommended 55 ates eres evar ators hat skates e oeevelsnal ane ered 1 28 

Students 

Recommended' for enrollment/as Students. 5-245... + 064s ens se se oneele 1,840 
Totalliec scat: oe ee eee eee te eee e eee teeters serene eeensceesences 3,459 


U.S. NATIONAL COMMITTEE OF THE I.E.C. 


The past year has been notable both for the 
International Electrotechnical Commission and for 
the United States national committee of the Inter- 
national Electrotechnical Commission. A plenary 
meeting of the commission was held in The Hague 
and Brussels June 18-27, 1935. The electrical fra- 
ternity in the United States was honored at the 
plenary meeting by the election of a distinguished 
member of the U.S. national committee, James 
Burke, as president of the International Electro- 
technical Commission and by the election of a dis- 
tinguished former member, Dr. Elihu Thomson, as 
honorary president. 

For many years Mr. Burke has been a member of 
the U.S. national committee and has made valuable 
contributions both to the work of the U.S. National 
committee and the I.E.C. He is one of the very few 
electrical manufacturers to have been chosen for the 
presidency of the I.E.C., indicating a trend toward a 
closer relationship with industry. 
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Dr. Elihu Thomson was president of the Inter- 
national Electrical Congress of St. Louis in 1904 at 
which the International Electrotechnical Commission 
was conceived. He was the second president of the 
L.E.C. from 1908 to 1911, succeeding Lord Kelvin. 

The plenary meetings were held in The Hague and 
Brussels and were attended by more than 450 dele- 
gates from 20 nations. The meeting marked the 
thirtieth anniversary of the I.E.C., the membership 
of which now includes 26 nations. The U.S. 
national committee was represented by the following 
delegates: 


Dr. C. H. Sharp, president of the U.S. National Committee, chief of 


delegation. ’ ; 
J. W. McNair, secretary of the U.S. National Committee, secretary 


of delegation. 4 
Dr. A. E. Kennelly, nomenclature; symbols; electric and magnetic 


magnitudes and units. 
L. F. Adams, rating of electrical machinery; shellac; storage bat- 


teries; terminal markings. 

F. Hodgkinson, steam turbines and internal combustion engines. 

K. M. Irwin, steam turbines and internal combustion engines. 

C. B. LePage, steam turbines and internal combustion engines. 

G. H. Stickney, lamp holders and bases. 

H. Lebouteux, aluminum. hat A ng 

W. C. Wagner, standard voltages and currents; overhead lines; 
electrical measuring instruments. 

H. R. Summerhayes, power switchgear; electronic devices; elec- 
trical installations on ships. 

James Burke, electric traction equipment. 

Dr. M. G. Lloyd, overhead lines; electrical measuring instruments. 
L. F. Morehouse, radio. i 

Dr. Sharp and Mr. McNair, wires and cables. 


The technical work of the I.E.C. made excellent 
progress as a result of the plenary meetings, and the 
following new publications have been issued: 


Publication No. 34 (4th edition)—I.E.C. Specifications for Electrical 
Machinery. 

Publication No. 49—Comparison of Rules for Overhead Lines 
(French edition). 

Publication No. 50—International Electrotechnical Vocabulary— 
Fundamental Definitions. 

Publication No. 51—Specifications for Indicating Electrical Measur- 
ing Instruments. 

Publication No. 52—Rules for the Measurement of Test-Voltage at 
Power Frequencies in Dielectric Tests by Sphere Gaps. 

Publication No. 53—Schedule of Information to be given with In- 
quiries and Orders for Electrical Machinery. 


Among the important accomplishments of the 20 
committees of the I.E.C. which met at The Hague 
and Brussels, the following may be mentioned in the 
limited space available. 

Perhaps the most notable single accomplishment 
of these meetings was the adoption of the meter- 
kilogram-second system of absolute and practical 
units. A complete description of this action, by 
Dr. Kennelly, chairman of the international com- 
mittee, will be found on pages 1373-84 of the 
December 1935, issue of ELECTRICAL ENGINEERING. 

Publications 34 and 52, mentioned above, were 
approved for publication by the committee on rating 
of electrical machinery. Several sections of the 
international electrotechnical vocabulary were ap- 
proved for publication. 

Rules for instruments and methods of measurement 
used in acceptance tests were adopted to complete a 
series of rules on steam turbines. The scope of the 
committee’s work was extended to include turbines 


800 


used in industry other than those for turbogenerator 
sets which had previously been covered. 

Specifications for internal combustion engines were 
tentatively agreed to by the committee covering that 
subject. . 

Tentative agreement was reached on standard 
values for resistivity, density, and temperature 
coefficient of both hard-drawn and annealed alu- 
minum. 

A general outline of the scope of a proposed re- 
vision of the international specifications for traction 
motors was agreed upon. 

A report on the tests which have been carried out 
by an international subcommittee on insulating oils 
was discussed, and a program of further investiga- 
tions decided upon. 

An international specification for electrical meas- 
uring instruments was adopted for circulation to the 
national committees for approval. It was decided to 
set up a committee to study the properties and 
methods of testing electrical insulating materials. 

Rules for the marking of the terminals on electrical 
machinery and apparatus were discussed. European 
practice is, however, so different from American that 
the I.E.C. publication will carry both systems. 

A revised draft specification for the rating and 
performance of oil-immersed circuit-breakers is to be 
circulated. 

A committee on electrical installations on ships 
held its first meeting, and a number of subcommittees 
were set up with a view to co-ordinating the present 
practice of the various countries. 

An international specification for the testing of 
high-voltage paper-insulated lead-covered cables was 
agreed upon for circulation to the national com- 
mittees for approval. 

International specifications for testing of insulators 
for overhead power lines were approved for submis- 
sion to the national committees for their comments, 
as was a general specification for impulse testing. 

The next plenary meeting of the International 
Electrotechnical Commission is scheduled to be held 
in England in June 1938. In the interim, of course, 
meetings of a number of the advisory committees will 
be held. 


COMMITTEE ON SAFETY CODES 


Early in the administrative year, suggestions were 
received that the committee on safety codes should 
be more active and take a larger part in the general 
field of safety work. The matter was taken up by 
correspondence and the interest manifested resulted 
in a meeting of the committee in New York on 
January 29, 1936, at which, in addition to members 
of the committee, several others prominent in safety 
work were present by invitation. The majority 
opinion at this meeting was favorable to expanding 
the scope of the committee’s activities, but the view 
was expressed that such expansion should be re- 
stricted to lines of effort which give definite promise 
of being useful and also which do not duplicate work 
which is already being taken care of by other agencies. 
The committee proposes to submit this question to 
the board of directors for consideration and decision. 
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As is customary, the chairman of the committee on 
safety codes has been designated as the A.I.E.E. 
representative on the electrical committee of the 
National Fire Protection Association. As such he 
has attended to a number of matters which have 
arisen in reference to the National Electrical Code. 

The chairman also represents the Institute on the 
committee on low voltage hazards, a subsidiary of 
the National Safety Council, but this assignment 
has called for no action during the year other than 
making some inquiries by correspondence. 

As the representative of the A.I.E.E. on the 
National Fire Waste Council, the chairman attended 
the council’s annual meeting at the U.S. Chamber 
of Commerce in Washington, D. C., on March 27. 


_ This was an interesting meeting largely devoted to 


problems of fire protection in rural areas. 

A new joint committee called the American re- 
search committee on grounding has recently been 
organized to investigate technical questions relating 
to the practice of grounding electrical systems on 
water and other pipes. Such grounding, while of 
primary importance from the standpoint of safety to 
life, has been suspected by water companies and 
others of having caused trouble by the introduction 
of harmful currents on the pipes. The new com- 
mittee which includes representatives of some 15 
national societies and other interested organizations, 
and of which the present chairman of the committee 
on safety codes is chairman, is undertaking to make 
such investigations as may be necessary to determine 
the relevant physical factors and their reactions on 
current practices and other features of the situation. 


CO-ORDINATION COMMITTEE 


The committee followed the established practice 
of requesting District and Section officers to submit 
by January 1 applications for the authorization of 
any national conventions and District meetings de- 
sired in their respective Districts during the calendar 
year 1937, and a recommended schedule of such 
meetings will be presented at the meeting of the 
board of directors to be held on May 25. 


COMMITTEE ON CONSTITUTION AND By-Laws 


During the year, the committee approved for 
presentation to the board of directors several pro- 
posed amendments to the by-laws of the Institute, 
all of which were approved by the board. 


COMMITTEE ON LEGISLATION 
AFFECTING THE ENGINEERING PROFESSION 


No matters were brought to the attention of the 
comunittee. 

The licensing of engineers is very active through- 
out the country and it is important for each member 
of the Institute fully to protect his interest. 

The Institute’s Sections can be of service to the 
membership through meetings at which licensing is 
discussed and by organizing classes to prepare mem- 
bers for the examinations which would be required in 
many of the states. 
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COMMITTEE ON THE 
ECONOMIC STATUS OF THE ENGINEER 


The various matters which might otherwise have 
been acted upon by this committee during the year 
have seemed to lie definitely within the scopes of 
activities of American Engineering Council and 
Engineers’ Council for Professional Development. 
As the chairman of the committee is one of the 
Institute’s representatives upon each of these bodies, 
and chairman of the delegation to the former, the 
committee has not acted separately. 


TECHNICAL COMMITTEES 


The technical committees, under the leadership 
of the technical program committee, have continued 
their efforts to clarify the definitions of scopes of 
their activities, in order to make definite provisions 
for effectively covering all the desired ranges of 
subjects and to eliminate overlapping among the 
committees. 

They have continued their usual activities in the 
stimulation of the preparation and presentation of 
desirable papers in their respective fields and in the 
review of technical papers submitted. 


INSTITUTE PRIZES 


Four national prizes and 11 District prizes for 
papers presented in 1934 were awarded to authors. 
The national prizes and the North Eastern District 
prizes were presented at the summer convention at 
Cornell University, Ithaca, N. Y., and other District 
prizes were presented at various meetings in the 
respective Districts. The awards were announced 
in the 1935 issues of ELECTRICAL ENGINEERING for 
June (page 677), July (page 785), and September 
(page 1007). 


COMMITTEE ON AWARD OF 
COLUMBIA UNIVERSITY SCHOLARSHIPS 


The committee selected for the award of the 
scholarship placed at the disposal of the Institute, 
for the class entering upon graduate study in elec- 
trical engineering at Columbia University in the fall 
of 1935, Joseph Leo Dalton of Glenside, Pa. As 
usual the availability of these scholarships was 
announced in the February issue of ELECTRICAL 
ENGINEERING and in a circular letter to the coun- 
selors of all Student Branches of the Institute. 


EpIsSON MEDAL 


The Edison Medal, which is awarded by a com- 
mittee composed of 24 members of the Institute, 
was, for 1935, awarded to Dr. Lewis B. Stillwell ‘‘for 
distinguished engineering achievements and _ his 
pioneer work in the generation, distribution, and 
utilization of electric energy,’’ and was presented on 
January 29, 1936, during the winter convention. 
The medal may be awarded annually ‘‘for meritorious 
achievement in electrical science, electrical engineer- 
ing, or the electrical arts.”’ 
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Joun Fritz MEpAL 


The John Fritz Medal board of award, composed 
of representatives of the national societies of civil, 
mining, mechanical, and electrical engineers, awarded 
the thirty-second medal (for 1936) to Dr. W. F. 
Durand for notable achievement “‘as authority in 
hydrodynamic and aerodynamic science, and in its 
practical application; outstanding leader in research 


and in engineering education.” 


LAMME MEDAL 


The Lamme Medal committee awarded the medal 
for 1935 to Dr. Vannevar Bush ‘‘for his development 
of methods and devices for application of mathe- 
matical analysis to problems of electrical engineer- 
ing.’”’ Arrangements are being made for the pres- 
entation of the medal at the annual summer con- 
vention at Pasadena, Calif., June 22-26, 1936. The 
medal may be awarded annually to a member of the 
A.I.E.E. ‘who has shown meritorious achievement 
in the development of electrical apparatus or ma- 


chinery.” 
WASHINGTON AWARD 


The Washington Award for 1936 was bestowed 
upon Dr. Charles F. Kettering, ‘‘for his high achieve- 
ments in guiding industrial research toward the 
greater comfort, happiness, and safety of mankind 
in the home and on the highway,”’ and was presented 
to him on February 25, 1936. This award may be 
made annually to an engineer by the commission of 
award composed of 9 representatives of the Western 
Society of Engineers and 2 each of the A.S.C.E., 
A.I.M.E., A.S.M.E., and A.I.E.E. 


ALFRED NOBLE PRIZE 


This prize, established in 1929, consists of a cer- 
tificate and a cash award of $500 from the income 
from a fund contributed by engineers and others to 
perpetuate the name and achievements of Alfred 
Noble, past-president of the A.S.C.E. and of the 
Western Society of Engineers. It may be made to 
a member of any of the co-operating societies, 
mC, AsleMH., A‘S.M.E., A.J:E.E., or W.S:E., 
for a technical paper of particular merit accepted by 
the publication committee of any of these societies, 
provided the author, at the time of such acceptance, 
is not over 30 years of age. No award was made in 
1935. 


IWADARE FOUNDATION COMMITTEE 


The fourth lecturer to visit Japan was Dr. Dugald 
C. Jackson of Massachusetts Institute of Technology. 
Professor Jackson arrived in Japan about the middle 
of November of last year and, during the several 
weeks of his visit, addressed audiences at many of 
the leading universities. His lectures were very in- 
structive and interesting, and were well attended. 

The seventh Iwadare Fellow to visit the United 
States was Professor Hideo Yamashita of the faculty 
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of engineering of Tokyo Imperial University. His 
visit began in May of last year. 


Joint ACTIVITIES 


A special joint dinner meeting of the officers and 
directors of the national societies of civil, electrical, 
mechanical, and mining and metallurgical engineers, 
and of the several joint organizations was held at the 
Engineers’ Club, New York, May 20, 1935. Com- 
prehensive but concise statements concerning the 
scope of activities of United Engineering Trustees, 
Inc., Engineering Societies Library, Engineering 
Foundation, American Standards Association, Divi- 
sion of Engineering and Industrial Research of 
National Research Council, Employment Service, 
American Engineering Council, and Engineers’ Coun- 
cil for Professional Development were presented. 
These were published essentially in full in ELEc- 
TRICAL ENGINEERING for July 1935, pages 788-94. 


EMPLOYMENT SERVICE 


The Institute co-operates with the national socie- 
ties of civil, mining, and mechanical engineers in 
operation of the Engineering Societies Employment 
Service with its main office in the Engineering Socie- 
ties Building, New York. Offices are operated in 
Chicago and San Francisco also. In addition to the 
societies named, others co-operate in certain of the 
offices as follows: New York—Society of Naval 
Architects and Marine Engineers; Chicago—Western 
Society of Engineers; San Francisco—California 
Section of the American Chemical Society; and the 
Engineers’ Club of San Francisco. 

The New York office has co-operated closely with 
the Professional Engineers Committee on Unemploy- 
ment which was organized in the fall of 1931 by the 
local Sections of the A.S.C.E., A.I.M.E., A.S.M.E., 
and A.I.E.E. 

The service is supported by the joint contributions 
of the societies and their individual members who are 
benefited. In addition to the publication of the 
employment service announcements monthly in 
ELECTRICAL ENGINEERING, weekly subscription bul- 
letins are issued for those seeking positions. 

An analysis of this employment service as re- 
ported to the national societies is given in table XI. 


AMERICAN ENGINEERING COUNCIL 


During 1935, the A.I.E.E. has continued to support 
aggressively the American Engineering Council. 
The Institute is represented officially on the assembly 
of Council by 5 delegates as follows: 


C. O. Bickelhaupt, assistant vice president, American Telephone and 

Telegraph Company, 195 Broadway, New York, N. Y. 

F. J. Chesterman, vice president, Bell Telephone Company of 

Pennsylvania, 416 Seventh Ave., Pittsburgh, Pa. 

Wm. McClellan, president, Potomac Electric Power Company, 

10th and E Streets, N.W., Washington, D. C. 

E. B. Meyer, chief engineer, electric engineering department, Pub- 

lic Service Electric and Gas Company, 80 Park Place, Newark, N. Af 

C. E. Stephens, vice president, Westinghouse Electric and Manu- 

ee Company, Room 1628, Rockefeller Plaza, New York, 
es 
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These representatives have been active not only 
on the public affairs committees of Council but share 


_ with the other engineering societies the responsi- 


bility of the executive committee. Messrs. Bickel- 
haupt, McClellan, and Stephens have served as mem- 
bers of this committee for the year 1935, and at the 
annual meeting of American Engineering Council, 
held January 10 and 11, F. J. Chesterman, chairman 
of the public affairs committee of Council, was made 
ex-officio member of the executive committee. 

The year 1935 has been marked by a growing de- 
sire on the part of all the professional engineering 
groups to join in a spirit of unity to advance the engi- 
neer’s relations both to public affairs and affiliated 
questions of professional interest to the engineer. 


_ Evidences of this spirit of united action were exhibited 


Table Xl—Analysis of Employment Service 
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1935 
INERYise SS cdias ccs < 10024575 56 159. 223205 450 a 12 13 70 
tine aie. . Fe uses 17 aeters 81 92... .348 482754 2 22 20 85 
TLE ES ini reer Ep eae 86 49... .266 AT ai ors 25 19 91 
AN SUSt ere scveerate a 10.2.8 Orie ais £Oiscs cucerdeeea ease: COSA aly Bltz a. 14299 
September........ 94 mons Oieer AD) secre Glare ed Obert Datei2 lis ein aL Bo: 
October cere) A Os ans oe OGhe =. 04/5 aso oA Olea ye ane oon Lol 
November........ G7 sees Arete AGIs yea Siiei eta se, Le accion tk 2405..5.20....116 
December........ 88.55, Ba OO sc nek Sait (OO) 4:00 20a LOD: 
1936 
MANUALLY ola s..te ous 1 Wee eco 69....49....235 DOE ae 26 13 98 
Mebrilaryic is. occ. 1GOmmerr 40) 55 407... 206 SOM at 25 13 88 
INEarchi tae erciaat.y 145i cee 62 .63....270 60co as 30 37 127 
EN aah Ae eee ea L470 59 VIE e288 GV PR Soe. 45 36 138 
BROb AL ois cxe-2 is 1,413). 2. .829.. 697... .2;939 698. 330° 263 ~=«:1;291 


at the annual meeting of Council in January of this 
year, where the work of committees and the activities 
of Council were reviewed. A report of the annual 
meeting was published in the February issue of ELEC- 
TRICAL ENGINEERING, page 215. 

Under a new membership plan launched earlier 
in 1935, the number of local members of American 
Engineering Council was practically doubled, bring- 
ing the total members of Council from 23 to 42 as 
of January 1, 1936. At the annual meeting, other 
organizations indicated their desire to join in the work 
of Council so that this growth will probably continue 
in the year 1936. 

By arrangement between the executive secretary 
of American Engineering Council and the secretaries 
of the national member organizations, a monthly 
digest of the activities of Council is presented in the 
news sections of each issue of ELECTRICAL ENGINEER- 
ING. 

During 1935, the federal government continued 
with the development of emergency plans and pro- 


grams projected to relieve unemployment and the 


committees and staff of American Engineering 
Council were called into consultation by many execu- 
tive departments of the government, not only to 
confer as to detailed planning and carrying out ot 
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such enterprises, but with regard to such questions 
as engineer personnel, conditions of employment, 
compensation, etc. In co-operation with the Engi- 
neering Societies Employment Service of New York, 
the staff of Council gave a very considerable por- 
tion of its time on an emergency basis to personnel 
and employment problems. While these questions 
are not normally a part of the work of American 
Engineering Council, pressure within the federal 
departments for aid in these matters made it essential 
that Council serve in that capacity for the period of 
the emergency. 

During the year, a new plan of handling the 
public affairs committee of American Engineering 
Council, under the chairmanship of F. J. Chester- 
man, a member of the A.I.E.E., was inaugurated and 
at the annual meeting of Council, the plan of the 
public affairs committee was adopted as a general 
plan for all committee activities of Council. In 
brief, the chairmen of special committees of public 
affairs, become members of the general committee on 
public affairs under a general chairman. This plan 
has been extended for the year 1936 by setting up 4 
groups of committees to function with the staff of 
Council. These groups of committees are: 


a. The committee on public affairs. 

b. The committee on engineering economics. 

c. The committee on programs for united action of member or- 
ganizations. 

d. The American Engineering Council operating committees. 


The functions of the committee on public affairs 
and the operating committees are perhaps self-evi- 
dent. The committee on engineering economics is 
established as a fact finding agency to inquire into 
problems in the public interest in which the engineer 
shares the economic consequences of his work with 
other professional and business groups. One of the 
subcommittees of the general committee on engi- 
neering economics, the committee on relation of 
consumption, production, and distribution, of which 
Ralph E. Flanders is chairman, made its third and 
final report to Council and it was voted to publish 
this report as a sort of catechism of American 
economic philosophy and practice. This report 
will shortly be published and distributed, and 
should constitute a real contribution of engineers to 
the discussion of present-day economic and social 
problems. 

The functions of the committee for united action 
of member-organizations grow out of the expressed 
wish of one or more member-organizations of Coun- 
cil to explore fields for common action, and in co- 
operation with committees already established by 
member-organizations, brings about more united 
action. The subcommittees carry out the desire for 
united action on objectives several times empha- 
sized at the annual meeting. The new committee 
embraces in part an earlier committee of Council 
known as the engineering and allied technical com- 
mittee. 

One of the fact finding undertakings which comes 
within the scope of this committee is the survey of 
the engineering profession undertaken with the co- 
operation of many engineering societies by the 
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Bureau of Labor Statistics under the sponsorship 
of American Engineering Council. This is by far 
the largest and probably the most important survey 
of the engineering profession. More than 60,000 
questionnaires were received from a mailing list of 
some 170,000 names and, with this very large sample, 
the Bureau of Labor Statistics will shortly begin 
publication of a series of analyses showing the 
background of education, the position held by the 
engineer, compensation distribution by industry 
and government, and a score of other interesting 
sidelights which should provide a basis for intelligent 
discussion for the engineer’s place in the community 
and his economic and professional status. 

A conference of secretaries of engineering societies 
was held just preceding the annual meeting of Coun- 
cil, at which there were present representatives of 
some 45 national, state, and local engineering 
societies. The results of this conference were also 
reported in the February issue of ELECTRICAL 
ENGINEERING. 

American Engineering Council enters its sixteenth 
year with the good-will of its member-organizations 
and a sense of opportunity to capitalize on the spirit 
of unity in the profession to follow the objectives 
long sought by engineers in common. There is 
particularly an opportunity for the local Sections of 
the A.I.E.E. to co-operate with the sections of other 
national societies and with the local engineering 
organizations on questions of common interest to the 
profession not concerned with questions of tech- 
nology, and it is hoped that this movement to co- 
ordinate engineering opinion locally on questions of 
public affairs may be extended and broadened during 
the coming year. 

The following officers were elected at the annual 
meeting: Dean A. A. Potter, president; C. O. 
Bickelhaupt, vice president; J. S. Dodds, vice 
president; Ralph Flanders, vice president; A. J. 
Hammond, vice president; C. E. Stephens, treas- 
urer. 


UNITED ENGINEERING TRUSTEES, INC. 


During the year, this organization as an agency of 
the founder societies, made additional improvements 
in the facilities of the Engineering Societies Building, 
particularly in the auditorium, revised its by-laws, 
and performed other duties necessary to maintain 
the building and administer the funds in its custody, 
including those of its departments, The Engineering 
Foundation and The Engineering Societies Library. 

The United Engineering Trustees, Inc., and the 
secretaries of the founder societies arranged for a 
joint dinner meeting of the officers and boards of the 
societies and of their joint organizations held on 
May 20, 1935, for the purpose of establishing a better 
understanding among these individuals of the 
many important activities conducted by these 
jointly operated agencies. See heading “Joint 
Activities” above. 

This organization continued as treasurer of the 
Professional Engineers’ Committee on Unemploy- 
ment, of the local sections of 4 national engineering 
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societies, and became treasurer of the Engineers’ 
Council for Professional Development. 

Abstracts of the annual report of the United Engi- 
neering Trustees, Inc., were published in the Decem- 
ber 1935 issue of ELECTRICAL ENGINEERING, pages 
1419-20. 


ENGINEERING FOUNDATION 


This department of the United Engineering 
Trustees, Inc., supplied financial support, during 
1935, for many research projects sponsored by the 
founder societies, notably the following: A.S.C.E.— 
earths and foundations. A.I.M.E.—critical review 
of world’s literature on alloy irons and alloy steels 
since 1890, and barodynamic research. A.S.M.E.— 
critical pressure steam boilers, fluid meters, boiler 
feed water, cottonseed processing, strength of gear 
teeth, cutting of metals, effects of temperature upon 
properties of metals. A.I.E.E.—welding with pure 
iron electrodes, and organization of a comprehensive 
program of research in all branches of welding under 
the supervision of the Welding Research Committee 
(American Welding Society, joint sponsor). 

The Foundation also assisted the Engineers’ 
Council for Professional Development, the Personnel 
Research Federation, and an investigation of the 
Engineering Index. 

An abstract of the annual report of The Engineer- 
ing Foundation was published in the December 1935 
issue of ELECTRICAL ENGINEERING, page 1421. 


ENGINEERING SOCIETIES LIBRARY 


The Engineering Societies Library, which was 
formed by combining the separate libraries of the 
4 national societies of civil, mining and metallurgical, 
mechanical, and electrical engineers, and the prepara- 
tion of a composite card catalog, has been expanded 
as a single engineering library, which probably con- 
stitutes the best collection of this type of literature 
in the country. With its 145,000 volumes, about 
1,200 periodicals in many languages received regu- 
larly, and its staff thoroughly experienced in render- 
ing all library services required by engineers, by mail, 
as well as in the library, it has continued, despite 
drastic reductions in its budget, to afford highly ap- 
preciated assistance to increasing numbers of mem- 
bers of the co-operating societies. Special services 
rendered include: photoprints, abstracts, transla- 
tions, bibliographies, searches, book loans by mail, 
etc 

An abstract of the annual report of the library was 
published on page 1420 of ELEcTRicAL ENGINEERING 
for December 1935. 


ENGINEERS’ COUNCIL FOR 
PROFESSIONAL DEVELOPMENT 


This council, which was formally organized in 1932 
for the enhancement of the professional status of the 
engineer, includes 3 representatives of each of the 7 
participating organizations: the national societies 
of chemical, civil, electrical, mechanical, and mining 


ELECTRICAL ENGINEERING 


‘and metallurgical engineers, the Society for the 
Promotion of Engineering Education, and the Na- 
tional Council of State Boards of Engineering 
Examiners. 

The principal activities of E.C.P.D. include the 
guidance of young individuals thinking of entering 
the engineering field, the accrediting of engineering 
schools, encouragement and assistance to individuals 
continuing their engineering and cultural training 
during several years after graduation, and the 
establishment of suitable standards for indicating the 
attainment of the status of an engineer. 

Detailed information regarding the recommenda- 
tions submitted by E.C.P.D. to the participating 
organizations and other features of its activities were 
published during the year in numerous issues of 
ELECTRICAL ENGINEERING. 


REPRESENTATIVES 


The Institute has continued its representation 


upon many joint committees and national bodies, 
with which it co-operates in a wide range of activities 
of interest and importance to engineers and others. 

A complete list of representatives was published 
in the September issue of ELECTRICAL ENGINEERING 
and in the 1936 Year Book. 


FINANCE COMMITTEE 


The committee, as usual, recommended a detailed 
budget to the board of directors, passed upon the 
expenditures for various purposes, made recom- 
mendations regarding delinquent members, and per- 
formed the other duties prescribed for it in the con- 
stitution and by-laws. 

Haskins and Sells, certified public accountants, 
have audited the books, and their report follows. 


Respectfully submitted for the board of directors. 


H. H. HENLINE 
May 25, 1936 National Secretary 


HASKINS & SELLS 
CERTIFIED PUBLIC ACCOUNTANTS 


22 EAST 40TH STREET 
NEW YORK 


May 20, 1936. 


American Institute of Electrical Engineers, 


33 West 39th Street, 
New York. 


Dear Sirs: 


Jury 1936 


We have made an examination of your statement of financial con- 
dition as of April 30, 1936, and of your recorded cash receipts and 
disbursements for the year ended that date. In connection there- 
with, we examined or tested your accounting records and other sup- 
porting evidence in a manner and to the extent which we considered 
appropriate in view of your system of internal accounting control. 
We present the following financial statements: 


Balance Sheet, April 30, 1936 (Exhibit A). 
Property and Restricted Funds Securities, Less Reserve for Bonds of 
Doubtful Value (Schedule 1). 


Statement of Recorded Cash Receipts and Disbursements of General 
Fund for the Year Ended April 30, 1936 (Exhibit B). 


Statement of Recorded Cash Receipts and Disbursements of Property 
and Restricted Funds for the Year Ended Apri! 30, 1936 (Exhibit C). 


In accordance with the terms of our engagement the members and 
other debtors were not requested to confirm to us the amounts re- 
ceivable from them at April 30, 1936, and, in accordance with the 
ustial practice of the Institute, no provision has been made for dues 
which may prove to be uncollectible. 

In our opinion, based upon such examination and subject to the 
foregoing, the accompanying Exhibit A fairly presents your financial 
condition at April 30, 1936, and the accompanying Exhibits B and C 
set forth your recorded cash receipts and your disbursements of 
funds as indicated during the year ended that date. 


Yours truly, 


HASKINS AND SELLS 


——Eeeees nn 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
Balance Sheet, April 30, 1936 


Exhibit A peewee : = 7 ati 
Pree 2) os eee = 
ASSETS LIABILITIE 
fone aa ee 6 lie. a Reseries:.i0 es | CEE. ee eee $555,703.91 
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Total property fund investments.......-- +0100 eee reese eee $555,703.91 Dies foncivedtin advance wees). Sane ences. $ 4,294.42 
d db licants for 
ie eee gilcnuint a mOR!) ORS 992.00 
Securities—At cost, less Sea te ie pone: oC eens Deferred credits and other unallocated receipts..... 672.78 
ful value (market quotation value, $195,227. 63) — 453.52 Subscriptions for TRANSACTIONS received in advance 44.58 
Ra ONO Leah hel lS ress OE a oes eas pols ; Reserve for prepaid subscriptions for ELECTRICAL 
OSD es nian mares elon ee Derore? ENGINEERING woo ererccice ier bias or ohana ae eater ott 8,000.00 
Accrued interest receivable. 05.0.0. 6st e een 217.92 
x: eee iiCOMEN... J..csnise ee ene ile eee ears 14,003.78 
Total restricted fund investments..............00 000s ee eae 203,251.03 Total deferred income... . 
CUTS Hitt ie ee ae Mgmses oe tapcrac-s ol6 Wo commen 305 0.00 @ONoD. 59,586.49 
Current Assets: 
CAT «st echece en eR ERTL OLIN ET ea IRE OOS SON OR TONER $ 48,367.77 
Accounts receivable: 
Members—Hor des. rice shies dete srcis wuceisiet eves 19,285.39 
PR UMETISER Seat eRe Sy5ia a tY a Aystsy cs Noes es, way a wiles ole 149.00 
WIISCENARCOUS celia asielciels lies F eochy. Fue el Sierors sieiesn sate 2,107.45 
Accrued interest on investments............-...-- 2,719.49 
Inventories: 
PALA SACTIONS TOUC. fecaaie sitios bles cpr ditea a apa aed 5 2,269.75 
Mert ANd COVED DADEM. ccc icq oes duels we pans eee es « 4,542.96 
Work in process (May issue of ELEcTRICAL ENGI- 
IU IDED ERIN Pa Rene Peirce eevastce riP thw avesedlene: cies: adler e+ spe 3,229.46 
IM@HIDERS IND 58 C COS atelys steer ciel ctele ses ese feroretibe slau 1,019.90 
PROC AINCUPREL ETA SSCS Wits. nhacs iih.cisiou tera ciel oa cite slates eras sacle olobseuemmmtics 83,691.17 
Sey EVLAS Atoka dh TORT enOT CREE OR OUR ED tere te Mey reat: Corcit $842,646.11 1 10) ¢: | eae eS Ort ey heuer MEARE ORE fio, ol Beth nice eats $842,646.11 — 


Property and Restricted Funds Securities, Less Reserve for Bonds of Doubtful Value, April 30, 1936 
Exhibit A, Schedule 1 


Restricted Funds 


Inter- 
national 
Electrical 
Face Value Property Congress 
of Bonds Fund Life of 
or Number (Equipment Reserve Member- St. Louis Lamme 
of Shares’ Replace- Capital ship Library Medal Mailloux 
of Stock ments) Fund Fund Fund Fund Fund Total 
Railroad Bonds: 
Alleghany Corporation 20-year collateral trust convertible 5%, 
due 1949.... 26-64) dS 50 bo Het cheb Om MEER rae GORIG AFIS Gries 3 5.) $15;000!00) arseee + «tea: SLOG 750 wc Sa sveehs whale: or Aeer as eee eae er Re ee or $ 10,627.50 
Baltimore & Ohio Railroad Company 6% refunding and general 
mortgage series ic due LOOSE. BAA ee aep cart Pel steve, ae Pete eee US OOO G0! e coemeine ssh e S080 OOM arrause ee oe Rei eee $4,330: 007 2.c0on eae 13,270.00 
Central of Georgia Railway Company 5% consolidated mortgage, 
due 1945.0... S.78R.5 GOOD SOO OBR Sts PS Eon Saree nec .1e Ss: OOOSOO Ms. arora 0.4 1 to, ERA icc Re arenen inctsneetomicin Gana 6 k44.0% 1,477.50 
Chesapeake & Ohio Railway Company 41/.% refunding and im- 
PLOVERICUL MNOLts age GUE Tl OOS. Ne ert ie. Secret nk Ce TODO OD ene ata, Sica a's av ee ae se ne $1,122.50. 1,122.50 
Chicago, Burlington & Quincy Railroad Company 4%, due 1958... 5,000.00.............cceeeeeeeeee $4,868.75... us ie. sawn cone ee ee 4,868.75 
Chicago, Burlington & Quincy Railroad Company 5p first and a) a af aa Cel, | 8) = oe ee Ria aa 
refunding mortgage seriess Ander Ofilies toi ass i ee TOOOL00F Fee ees cs MOL OS OO fas». <2: ite enter ache epee kel tie eee 1,010.00 
Chicago & Erie Railroad Company 5% first mortgage, due 1982... LO00:008 narra.» LAOSOONe:.... \ Re eins ee SIC 2s, em 1,105.00 
Chicago & Northwestern Railway Company 61/.%, due March Pees. OU she vl On a Sime mmee a oS fe 9S 
193620 Ac. sence ees TAOS 5 ono POO os US OO CNOCNEAo. bec 970001005 «cscs erate: USAW 0.5.5 Encore OO SST EAD ia Gad ania HAs 7,202.50 
Cleveland Union Terminals Company 5% sinking fund series B, j 
due Ly Oe cca ei aa aie 12670100 Gygeu 3.0 Cor oid GRC PRRs Goins A OOOTOOR SS 4; OL OOO econ, xs toy cx eo ecels, «a,c eT a tecedelie eka de) <x Sack eee 
Florida East Coast Railway Company 5% first and refunding 
mortgage series A, due 1974 (certificates of deposit)............ 10,000.00............. PSP 9.6 0 ERNE clo Osc AAO Sieaeon 9,818.75 
New York Central Railroad Company 5% tefunditig and inci) “ieee ee TOR |i us rs es eee ne, 
provement mortgageseries C, due 2013) 2... occ one e Cs OOOLOO May ace: « ac. ORs 2. een oe 
Northern Pacific Railway Company 6% refunding and improve: |... 1, Se, ) ieee. OE OR a oe eS tees 
ment mortgage Series7B sduei 2047 cee pe een lk) eee 10; 00000 ns. 52 eee: WONOG2: 50 inosine aoe A ee 2 cee 10,962.50 
Pennsylvania Railroad Company 30-year secured serial AG, dite 0S 0 aM OLR, RL Re cael ere * 
, 1944, J: eee BS see enee Daroe loin doctee pee ctr Mey eer 6; 000: 0050-)..c5-'4 tarts Sy SRY UE A 4 @ Aen 1,067.50. <5 hatte se ae 6,405.00 
St. Louis-San Francisco Railway Company 5% prior lien mort- ' 
gage series B, due 1950 (certificates of deposit)................ 6,000: 008s. = nemeueene- ee TG Vaan ts eMC ECON esi, Gey c Guc o Gute 5,497.50 
Western Pacific Railroad Company 5% series Ay dite 1946.0 .150.5 15;00000taas comes p22 iO ston sees ss chee ae eee. 7,225.00 
POtalrasrogdybonds——(Rorwatd)...0.. <1 6s haw osc ocdeded eee $ 4,010.00. .$ 74,946.25. .$4,868.75..$2,190.00. .$4,330.00............ $ 86,335.00 
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Property and Restricted Funds Securities, Less Reserve for Bonds of D 
xhibit A, Schedule 1 (Concluded) 


oubtful Value, April 30, 1936 


—— 


Restricted Funds 


Inter- 
national 
Electrical 
Face Value Property Congress 
of Bonds Fund Life of 
or Number (Equipment Reserve Member- St. Louis Lamme 
of Shares Replace- Capital ship Library Medal Mailloux 
of Stock ments) Fund Fund Fund Fund Fund Total 
MBALTICAILROAD BONDS—(Forward) . 322.5) c.hblee cavecewe odes snatch cos $ 4,010.00. .$ 74,946.25. . $4,868.75. .$2,190.00. .$4,330.00............ $ 86,335.00 
ublic Utility Bonds: 
\merican Gas & Electric Company 5% debenture, due 2028...... $10! 000/00 ea nc ce: $10,656.25 foie si:s..0:.5 sete SRR cece anette eet eee tei $ 10,656.25 
seorgia Power Company first and refunding mortgage 5%, due 

BR cNed Cie trovets (5, © olacpisy soe tsiansVoneO a ais: oes co MURR TT bse. ts Cee TOLOOO OG Wren. ss.55 sae LW)! Rae eRe Me Se oP iin oth wie Reta Sit 9,725.00 
Yew York Telephone Company 4!/2%, due 1939................. AF OOOO ere aes «eis. cee en eee yg Beh ul NB er $1,000.00. . 1,000.00 
*hiladelphia Company secured 5% series A, due 1967............ 10,000.00............. 30; 00000 be eis 'a ataseedls: cre dhe. ose ne ee eet 10,000.00 
hawinigan Water & Power Company 41!/2% first mortgage and 

collateral trust sinking fund series A, due 1967................ D000 GO Moers aes late eo 4, BEY 2G cat tesis, 6cedoauouate..av5 far aicer coco) RCI a Reaneltee Spence eens 4,581.25 
“exas Electric Service Company 5% first mortgage, due 1960..... HOR UU OTE C96 oe TRS 5 £7 en SA ae IS Omega oon amagasts 9,838.75 
Jnited Light & Power Company 51/:% first lien and consolidated 

SUED ACT Ue OGO ec ho Pees isids, cs, eae GET hs ad dante SOOO OO Reavis lavee wr ae 4,975.00 Nok todos eek eb ae co ee Oe Cee 4,975.00 

POLAIRD IDSC tILIt V2 DONG Seen retal ic) «aie ereteceiety ereteits paisa) earshot lis so ois sis icles o's ies $ 49,776.25 eee, oats CRIs sce operate aration $1,000.00. .$ 50,776.25 
ndustrial and Misceilaneous Bonds, Etc.: 
ethlehem Steel Company 5% purchase and improvement mort- 

rare sinking fund, due July 11986 ..5....... .ssiesecesccuives ost S$) -5;000:00 sage. ek. $) SB, 083: 75 os west ata le 4 Stave oan ates eto eaipanpanege te $ 5,033.75 
‘idelity Union Title and Mortgage Guaranty Company first 

mortgage certificates (on property 75-79 Prospect Street, : 

masttOrangve, N..J;)) 4.70; GUC 1044 oo. wieeeen vle ole wie ds pete 14;5663:00259 2977 :534.. 2 13,685.47 crore tee nice. oneuelel ote ieinte <scualaie ns skcusils ebaletseeMeeesreeays 13,685.47 
nternational Match Corporation 5% convertible debentures, 

ee LO4 1 (certificatelol deposit) oe. is.0.cns se sete ct ut ceive ad ass DFO S5: OD erate acer iae ee OR P24 Ve An cto PLOTS TORS 6 EE ain. roRs NOS GET O IO 2,728.05 
nternational Securities Corporation of America 5% debentures, 

“51D TY foo ASI CRPRON IE oh C01 e PRE RRO. io: ROI IEE CIR CRN co) Ok Ree ene ar 6000: 00 erase rrisctins 6,095.00 <5 heeremte Ae el es ele ook nell trai) peel ate 6,095.00 
lew York Steam Corporation 6% first mortgage, due 1947....... EOOOO OO Rapes. sinc helen FO;837.50 5 5 eas ak wie wie tate ts ete eats tiations terotapece Staueuereieta 10,837.50 
Inited States Rubber Company 5% first and refunding mortgage 

PESO SPACE TI Gal OF dieren text te nee Rote nic caickst cead.c foc. ane co MEE be Roars ewreeld 2000-00 Ss cna or oxi ee 15,915.00 «5 ix Reaper es oo) ac nioe Peet sea ce, oe fo ate ale rate ener 1,915.00 

‘otal industrial/and miscellaneous bonds, eteoost oo... i.e cc cee oe oe es So 97-7258. $7405 294.7 Fierce gerern ee aie etal ietektenrae ase ie .saat one eh eter +++. $ 40,294.77 
Aunicipal Bonds: 
ity of Detroit public lighting refunding 41/2% A, due 1945....... $110) OOGSOO Meeetese crac ners $:105262:50 35 fc 5, oh ees sree radeon ot Uineeters thane ye ia ots one Ce PO eR Rene $ 10,262.50 
‘ity of Union City, New Jersey, improvement bond of 1929 

Bea Fee EO 6 rth Naeem eke acy NAS +) oye Cer Sve soy SAAT OVENS sys; iowa e AN 1.0; 000! OO Rares wis nus ots eae 10;154:50.:.ceaecs caterers eos ene are oaeee a atepavs) Crk eee ea 10,154.50 

lew York City 41/2% corporate stock, due 1957................. OOO OO er bea dais donicar pe se tPRR 8b recs sie Te nie co ae ene $2 2OM OD cic tehetratter rarest nay peuatahelce 2,204.05 
ROCMISMIUTICL OA DONGS aah reperey<ia teseteds, austere c Giniel ene <0) Shel anahcal clietavanel ss, ensiaicrauaielePete sjere tela wi's $20,417.00 seers $2; SOR Ober. cise naieie renee ies aon $ 22,621.05 

apital Stocks: 

iommonwealth Edison Company... i. cscce nec etinn ese eme ene tee DP 2isharesiewe nit siete $/ 1258921005. Gaesucroconeyere cient erect eens neers Grae paniays $ 2,892.00 

‘commercial Investment Trust Corporation 41/4% preferred 

PTRC SOLE OGO Nig pret Che eA me hae se peleeeh CPR tole 0 = binigha outlets ae 1O0Q%shareseere....crie es 105100003 /2iiie cere payee srs isetticsyo. Gs) sels eterads ‘evereiicrayetonsteh tts 10,100.00 
consolidated Edison Company of New York, Inc., $5.00 cumu- 

BEL VCEDECLORT EG spacey aye ety cs secs auets ste ey oe eras aus einige atohetore ota aieystacey 30:shares., $ 3,060200 s..s.cetdet cui. notes acne eater te cl cieremarents Gi ans tata tc ales Bievieverte ayaFe 
ublic Service Corporation of New Jersey, $5.00 preferred........ SOlshareswa. seit 2,958.75 Homan ed oo 45 SHEE o COM nat Boe dD OnE Eee OOo 2,958.75 
‘nited Gas Improvement Company, $5.00 preferred............. 30 shares.. 1,995.00... CUD E cis ogres o nao" neko chal O6.0 DCiiO- EPIC OA CIOEEICI ter. C 997.50 

OES LCR PLCS StOCKS Wc nre ce rel elciorekcranctial sions sore: 6,0) NO Te rtueteltel so ie (el@Weyele reserle:'e $.5,055:00)..$ 10/948. 25 hice emnmreiceeriteweveisteiste RUBRE | ere tence eae $ 16,948.25 


CMA Reb ob douicKaD Dono NODC. OnOoo ae Otn td S500 ORR Cad oc o $10,042.53. . $202,382.52. 


- $4,868.75. . $4,394.05. . $4,330.00. .$1,000.00. . $216,975.32 


ess Reserve for Bonds of Doubtful Value: 


entral of Georgia Railway Company 5% consolidated mortgage, 


E50 TINS ala wa xt Creu ORO RNG OBI O.010 0 ROE EORRO IS. © OD Cement S03 00000 hein teeter t Pee LKR Us Hons. Foc acn IoC Oe EEO 505650503 $ 1,477.50 

lorida East Coast Railway Company 5% first and refunding 

RHOLE CACC SCKIESPASCUIC TL O74: verre nicis orn +2 one ceratelt 10,000.00........ Se EU Rib c 5 on8.b 010.5 5 oe a CERO Roa OU oc Aa ae 9,818.75 

iternational Match Corporation 5% convertible debentures, 

PICA LOD UN cre rie ci aitterere eles va co oeeiotat Dae Pree ROS og! a esa roTel thang 2,848.05....- SCC Pa Pe PAM Uc Bs 2. ED AC Eb BeOS Oo otndcigne HA 2,728.05 

t. Louis-San Francisco Railway Company 5% prior lien mort- 

AR ISCLIES E51 AUC TL OOO merci crsstierers Grex vausahe ale cfolelcver a! =\« « wlevelee« GHC Area onco ooo St 5, 497:.B0 aerators terete sisi, ovis: « fe talelovene se meteteketstes oretin ths 5,497.50 
Total reserve for bonds of doubtful value.......... 2.0 c eee eee eee erent ree eens $319,521 SO Aer tk ole sy. css <0 orev OSC OTR Ne I eNO os eae $ 19,521.80 
PPotalsectitities) lessireserve, jccccca cs ccc qewaies tse tees err ee casteaeines $10,042.53. . $182,860.72. . $4,868.75. . $4,394.05. . $4,330.00. . $1,000.00. . $197,453.52 

otal Property Fund Securities................c cece e ee cece eee tee enenee $10,042.53 
otal Restricted Fund Securities............ ccc cece ccc eee e eee eee e eee eeeens $182,860.72. . $4,868.75. - $4,394.05. . $4,330.00. . $1,000.00. . $197,453.52 
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Statement of Recorded Cash Receipts and Disbursements of General Fund for the Year Ended April 30, 1936 


a RankofiNew 6 0) otal (Hor ward i neuicts ers crencretete - shescneteteen ae Miset cys errata otal ceielietelie) oiaiens $310,738.69 
i 35, With the National City Bank of New Total— (Forward): see ce + 0 - seo sie elsialete vere I 
Renae ao palates es ee ccie c alate ais os exe Els @ nie) steligtere chats $ 54,815.62 Disbursements—(Forward).......+0+++eeeeeee ees $192,583.34 
Receipts: United Engineering Trustees, Inc.: 10,929.62 
includin 4,676.00 allocated to ELECTRICAL Library "ASSESS INE IIE ceeccorg) susuerth = ocd antenna h elie cey avers ' 
Joss eee Oe ton) BAR OR Oia UC Rae $178,424.03 Building assessment arate Sy th cova. ek Se Reo Mtanerolocete oe 
INGRICTEERE En ae Icio oe eee uno 24,363.76 Standards Committee Oe er 3,0 RO CROC EC ee 3 Be 
TRANSACTIONS subscriptions.....--.-+++++s0see8' 7,424.60 Membership Committee. seve center erase tee cees Cea 
ELECTRICAL ENGINEERING subseriptions...-....--- 12,956.16 Engineering Societies Employment Services...- i shears 
Miscellaneous publications, etc........00++++eeeee: 5,882.01 American Standards ASSOCIATION -y-eielsieeletetsuetetekaleleiaes Leseiet 
SiniGtrnige AOOEh os 5 pap ase Adeou SIDE OOUUCMEOC DUC 9,447.75 Membership Bad ES oan ciotae etiete 03s cyan erates ainiel- elisteks Secor 60 
ME ATSGHCE TECS. oc .cle le cle coc © wlermeccayers sare) era erm ein cies 6,341.00 Retirement salary IES os CRB SC Ah CRD. COR Dh es 
Membership badges.......-----+seerseerctsrtt 1,546.50 Finance Committee. weve eee ee eset etter sees eens : 1 5 
ETN IT GREER ES To aiaicssis cieie aie mache kere oie leysolays rou iste 1,160.00 United States Committee of International Commis- 
Interest on investments, less purchased interest... .. 7,405.12 sion on Mlumination. bebe e eect eee n ene eee er cess aoe 
WERE One pon OB dor e UOmIOcbis cine cia s Co pmco.do 972.14 Geographical district—Paper prizes.........-.++++ . 36 
a ae John Fritz Medal... 055 lees es = 1s esi ele aie ee 63.37 
Total TECeLpESa nes ce diet a> 6 = Ae ecb Gls pros ere) edge) cuerateenelaie 255,923.07 Mechnicalv Committees scsi ae oe eee een 207.96 
Ee! Headquarters Committee............+-----+-+--- 337.30 
ANNE 7 peeps en DasEN oo Uber ORHOOMUE AS dN oc Gade CoCUKG $310,738.69) Code Committee) er ates ote Rene tetera Te 60.00 
7 3 Edison Medal Commiittee................2...-2:- 162.01 
Disbursements: Transfer to reserve capital fund.................- 29,429.56 
Publication expense: pO Ae 
ELECTRICAL ENGINEERING..... +--+ 0-050 0 se sees $ 72,955.18 Total disbursements..........+++++.- RS Soon asdatc 262,370.92 
FSAI ACTIONS tetas incie a ieie. oie cake memaveie Jolleval eitelietatiars 3,729.82 = ee 
Nay Tbiote) he Aan) SURE ee Ore oT aS Serra 6,245.33 Cash on Deposit, April 30, 1936, With the National City Bank of New 
Na scellAtleOlse sieticres eae cecres tiene Ghote rine repeals 2,459.80 Bg) ie ene OEE Co OOS DOOMED Dnid OOM Oke Sito $ 48,367.77 
Ndministrative EXPenseS siss.5 seen cieieiere ce etme see 42,161.72 a 
Sti LU Les SeCLION Say pierce cain rausiettoriis oferta) eietsticn hetero 29,004.17 
Rrstituteumectitieo tates. cect aseieusie ayar earns ctessrone 10,902.36 
Mnstitutes Bratiches aasjiie ese civasie sui miane ees cine 2,560.35 
American Engineering Council................... 10,000.00 
Traveling expenses: 
RoardroteMirectorsityacmisie co es seater hc ciesielelatayete. 4,344.27 
Bran chu o1nselorsmerr niittus tee erhe cues wi crarths fete hres 4,396.20 
Geographical districts: 
PrecutryeiC omimittees ane oso) Hitt ns, oe ooalens 1,238.00 
WACGRELCSLOGHUSE: preetsolsrejese sic.auere eres ersiale aie ote oe 359.63 
National Nominating Committee............... 652.06 
President’s Special Appropriation............... 1,574.45 
OTWAL Uaycccnstayitayst\ he ts evel ofc ahe alist ocean duress $192,583.34 $310,738.69 


Statement of Recorded Cash Receipts and Disbursements of Property and Restricted Funds for the Year Ended April 30, 1936 
Exhibit C 


Restricted Funds 


Inter- 
national 
Property Electrical 
Fund Congress 
(Equip- of 
ment Reserve Life St. Louis Lamme Total 
Replace- Capital Membership Library Medal Mailloux Restricted 
ments) Fund Fund Fund Fund Fund | Funds 
Cash on Deposit May 1, 1935, With East River Savings Bank and National City Bank 
Ofs Ne wa Y Ol eprreter ney sc tet< ns aKesetersiate lays acta ora¥iee) sists. $22.47..$ 630.78... .$4,757.52...$1,650.82...$218.13..$ 9.92...$ 7,267.17 
Receipts: 
Enter estiOnybOn Cs samme meena eneloop aeueh tev avers! cc, cee ss 
PReerctcon han’ ho teate ie oon oS occr “ian aa ga Sezer $ sees -$ 179.75...$240.00. .$45.00...$ bee 
Beet Foie anarce ston Gl bonds, ee a eee are ea ROSuetsreys Bopp OOOO Denon ancora none 5 
ee Re eens te Bee eae ee a pee $59,789.16...... ss sree ee 1103-3325, Sense eee eee 60,892.48 
Se Paitiertiom gencraltimata ant 6g.) tee ages Ps aia oe eer 56 Booger ipo aaos shh Cob coabonoc Sonatas 
a A GE SVs ys siren tacn Peisieg <2 agi lee rases Memape i SA OU EC. - ieee st oe ee i 
OURPLECELD US afajara aaaterateh Nears ols ed si\ayois' eis! Wictsisi oa se Ae eye eh chen ee $89,218.72...$ 601.24...$1,283.07...$240.00. .$45.00.. - $91,388.03 
IRENE Se oe EAS OBE oo oe 
CERO TOGO CO- Gib OM XS 5.<.6.7 JO 0SOT0 OC OMS OU CEA OAAEA ai ceric anes «A. Sacks cnn $22.47. .$89,849.50...$5,358.76...$2,933.89.. $458.13. .$54.92.. - $98,655.20 
Disbursements: 
Annual withdrawal authorized in by-laws................ $ 62 
Browse aud gold replicas of Lamme Medal. ee ee ec eee I A ops ORES oS otis SOMERS ooo, $ 625.77 
Pactuasclof Gotds and stock........5. koe ae ea Pe ae oe me ote, 6 eyapaierederete se eee tare crores $280). 50 Fite cerns 280.50 
Mi@eteer Ciabirscments.....1.. 11k 21 eee SOON ereteiiers sce cae Source Byer cammeoeitestio cb Aes 92,064.88 
On een irr aO oa GOO Oro TORY o 516 SRG eC OnDO OEE obs XO crettnaleemeies tee ole Oe 104.46 
Total disb Le euch ts 
ene LILCCILCS oats 0 Jalol ein nie fe cet ets 4) sa) 6/e/s"s/s/ os: 010) chara va eect ee ik eerste -- -$89,849.50...$ 625.77...$2,268.84...$280.50..$51.00.. - $93,075.61 
eet Pt ptoed eas 30, 1936, With East River Savings Bank and National City “* 
DIB NO WRLOLK Agger corte oc cis te 
POR SCIC UICC ORISA re cc coon oeEric $22.47..............$4,732.99...$ 665.05...$177.63..$ 3.92.. -$ 5,579.59 
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' A Cold-Cathode Arc-Discharge Tube (From page 794) 


potential obtained from the spark coil is applied 
to a conventional external starting electrode and 
causes the formation of a cathode spot. The mercury 
tube can be started at the desired instant by applying 
the proper voltage to the grid of the cold-cathode 
arc-discharge tube. Phase control circuits can 
be used in the grid circuit of the latter to start a 
mercury lamp at some predetermined point of the 60 
cycle wave. 

The circuit shown in figure 5 serves as an audio 
frequency oscillator from which considerable power 
may be taken. The voltage across the tube has a 
saw-tooth form with an exceedingly sharp wave 
front, and is suitable for purposes requiring a low 


to produce a sweep voltage for a cathode-ray oscillo- 
graph. 
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Load Losses in Salient 
Pole Synchronous Machines 


Discussion, of a paper by E. I. Pollard 
published in the December 1935 issue, 
pages 1332-40, and presented for oral 
discussion at the synchronous machines 
session of the winter convention, New York, 


N. Y., January 29, 1936. 


R. E.)Hellmund (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): Since in 
synchronous machines the load losses have 
been based for a great many years on the 
short-circuit test with full load current, 
and since this method of determining load 
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losses is included in the various codes, it is 
of course very desirable to have such a com- 
plete analysis of the losses obtaining during 
the short-circuit test as that given in this 
paper. Designers in particular should 
find this of great interest because their 
guaranties are based on such tests. 

The paper is also of interest in that it 
gives in table II the segregation of the vari- 
ous losses. A review of these figures indi- 
cates that, except for some of the smaller 
machines, those losses which under the 
short-circuit test are the same as under ac- 
tual load (that is, the eddy losses, losses in 
the supporting end ring, and the losses in 
the end bells) represent in some cases 
nearly half of the total losses, and in others 
considerably more. In view of this, any 
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error in the remaining losses which may 
exist because the conditions applying to 
them during the short-circuit test differ 
from the conditions under load, will not un- 
duly influence the correctness of the total 
load losses found from the short-circuit 
test. In other words, it appears that in 
large synchronous machines the established 
method of testing load losses will give rea- 
sonably correct results, which in turn is for- 
tunate, because the input-output tests are 
impracticable for large machinery. 

This same condition, however, does not 
hold true in the case of smaller machines, as, 
for instance, induction motors of 50 horse- 
power or less, for which the short-circuit 
test with d-c excitation has been suggested 
at times. In these smaller motors it will 
frequently be that the eddy current and 
similar losses which depend upon load cur- 
rent only are a negligible part of the total 
load losses. It would then be a mistake to 
assume that the short-circuit tests would 
yield results for load losses that are even 
reasonably close to those obtained under 
actual loads. 


L. A. Kilgore (Westinghouse Elec. and Mfg. 
€o:, E. Pittsburgh, Pa.): This paper pre- 
sents for the first time a method of calcu- 
lating all of the important elements in the 
load loss of synchronous machines. This 
type of analysis is not only very valuable in 
predetermining the losses in new designs, 
but also indicates how these extra losses 
may be reduced. 

The derivation of the formulas was neces- 
sarily based on a number of simplifying as- 
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sumptions and it is desirable to check them 
by test. Since a number of the compo- 
nents of the loss, such as the rotor surface 
and damper winding loss, cannot be meas- 
ured directly, the measurement of total load 
loss must be used as a check. It might 
seem that a measurement of only the total 
loss gives no indication of the accuracy of 
the formulas for the individual components, 
but in the wide range of machines calcu- 
lated and tested different factors predomi- 
nated, so that good agreement over the 
whole range indicates reasonable accuracy 
of the various components. 

It was originally intended to include the 
derivation of the end bell loss in another 
paper, but it may be well to indicate the 
general method here. If it is assumed that 
the induced currents in the end bell have a 
negligible effect on the flux distribution, it 
is possible to obtain an approximate 3 di- 
mensional flux plot of the end zone flux. 
This may be done by plotting the field in 2 
views, one in a plane through the axis of 
the machine and another in the plane of the 
end winding. It is necessary to correct 
each field to allow for the spreading of the 
flux tubes in the other dimension. 

Since considerable effort is involved in 
obtaining accurate 3 dimensional fields, the 
correction factor for the spread of the flux in 
the plane of the winding was incorporated 
in the curves. It is then necessary only to 
determine a permeance factor (A,) by a 2 
dimensional flux plot in a plane through the 
axis. When the total flux entering the end 
bell is determined, the distribution may be 
estimated by plotting another field in the 
plane of the end bell, making use of the fact 
that the ampere-turns per inch are propor- 
tional to the square root of the flux per inch. 
The watts for each element of end bell sur- 
face may then be calculated using Rosen- 
berg’s or Stienmetz’s formulas for loss from 
flux traveling in the surface of solid iron. 

The ampere-turns resulting from in- 
duced currents are found to be practically 
negligible compared with the applied am- 
pere-turns for normal currents, as was origi- 
nally assumed. However, a correction for 
this may be made by plotting the field due 
to the induced currents and determining the 
loss from the resultant flux. 

The distribution of the flux and loss was 
found to be quite similar in different ar- 
rangements of end bells, hence it was pos- 
sible to calculate an effective area A;, = 
3.5 rz by which the maximum loss density 
could be multiplied to give the total loss. 
The loss density was plotted as a function 
of the effective ampere conductors per inch 
to give the curves shown in the paper. 


Segregation of Losses in 
Single Phase Induction Motors 


Discussion and author's closure of a paper 
by C. G. Veinott published in the Decem- 
ber 1935 issue, pages 1302-06, and pre- 
sented for oral discussion at the synchronous 
machines session of the winter convention, 


New York, N. Y., January 29, 1936. 


A. Van Niekerk (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): The author 
describes how the motor constants can be 
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determined from a no load run and a locked 
rotor test. It would be well to emphasize 
that the locked rotor data at full voltage 
should be derived from a test made with 
normal current in the stator (main) wind- 
ing, in order to prevent the reactances 
eventually calculated from these data from 
being too low on account of saturation of 
leakage paths at current values higher than 
normal. 

Of great importance is the question of 
whether or not the value of the rotor resist- 
ance obtained from a locked test is suffi- 
ciently accurate to be used in performance 
and loss calculations, and it is believed that 
this question should be answered conclu- 
sively before any recommendations are 
made in a future test code. The author 
uses the locked value because presumably 
the actual rotor resistance cannot be com- 
puted directly from a load test. But in 
view of the fact that the “A.I.E.E. Induc- 
tion Motor Standards” and the ‘Proposed 
A.I.E.E. Test Code for Polyphase Induc- 
tion Machines” stipulate that in working 
up the performance of a polyphase motor 
the rotor resistance as determined from a 
load test should be used whenever possible, 
it cannot be stated a priori that in the case 
of a single phase motor the use of the locked 
rotor resistance value will lead to satisfac- 
tory results, and therefore an investigation 
of the merits and limitations of any method 
involving this use seems highly desirable. 

The locked rotor resistance of a polyphase 
motor with an ordinary squirrel cage rotor 
is in general higher than the running value, 
on account of skin effect in the cage bars, 
and for this same reason the locked react- 
ance is slightly less than the running react- 
ance, althought the change in reactance is 
usually small. In the case of a single phase 
motor the situation is somewhat different; 
when the motor is running, the resistance 
for the positive sequence rotor currents 
(which have a very low frequency) is the 
“true” rotor resistance 72, while for the nega- 
tive sequence rotor currents (which have 
about twice line frequency) the resistance 
has a somewhat higher value kor. At 
standstill, the positive and negative se- 
quence rotor currents both have line fre- 
quency, and the effective rotor resistance 
has the locked value kire, ki being greater 
than unity and smaller than k,. Veinott 
shows in his paper how kr. is determined 
from a locked test, and he subsequently 
uses this value of ki72 in computing the rotor 
copper loss. As pointed out before, the 
correctness of the latter method can be es- 
tablished only by a detailed investigation in 
combination with experiments; it is certain, 
however, that when hi72 is substituted for 
the rotor resistance in the motor equations, 
the calculated values of the slip at given 
loads will in general be much higher than 
the measured ones. If, for instance, in the 
case of the 1/.-horsepower 6-pole 60-cycle 
motor referred to in the paper the stator 
input is figured for s = 0.033, it is found to 
amount to about 80 per cent of the input 
measured during the brake test, indicating 
that the computed full load slip will be 
roughly 25 per cent higher than the meas- 
ured value. 

The actual situation is this: The per- 
formance of the rotor is determined largely 
by the rotor resistance 72; that is, it does 
not depend to a great extent on ko, although 
the rotor copper losses do. It is in connec- 


tion herewith that 72 can be determined with 
great accuracy from a load test (as will be 
shown later) even when the exact value of 
ky is not known. But since a knowledge of 
ky is necessary for the calculation of the 
rotor copper losses under load as well as at 
no load and, indirectly, for the determina- 
tion of the core losses from the no load test, 
it is obvious that the investigation just 
mentioned should be largely concerned with 
indicating means for determining or esti- 
mating ky with a reasonable degree of ac- 
curacy. 

It is the purpose of this discussion to 
propose certain methods that could be 
applied in making such an investigation. 
The equations that are to be used in their 
descriptions are essentially the same as 
those given by Veinott; however, they 
appear in a slightly different and somewhat 
simplified form because they contain, in- 
stead of the absolute values of the resistances 
r, and r. and the reactances x; and %2, the 
resistance coefficients p; and p2 and the leak- 
age factors 7; and 72 which are defined simply 
by 
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the meaning of E and 7,, being the same as 
in Veinott’s paper. Furthermore, it will be 
assumed that the rotor resistance and re- 
actance have different values for the posi- 
tive and the negative sequence currents, to 
be distinguished by the subscripts p and n, 


respectively. If then, in line herewith, the 
quantities 
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up = (1+72p)?+0p? tn = (1 +12)? +0n? 
are introduced for the sake of brevity, the 
torque, line current, power input, power 
factor, and stator and rotor copper losses 
at any value of the slip can be expressed in 
terms of these auxiliary quantities. When 
the motor runs under ordinary operating 
conditions pep = pe, pon = kepr, Tap = 72, 
and rex = C2t2; with the rotor locked pop = 
Pon = Ripe and T2p = Ton = CiT2 (a and C2 be- 
ing coefficients smaller than unity). 

At any value of the slip s, the running 
impedance of the motor, with the real com- 
ponent 


E cos 
Pe 
if 
and the reactive component (1) 
E sin ¢ 
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is found to be determined by the 2 equations 
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It is found further that the expression for 
the torque contains the factor (vp/up — 
Un/uUn), So that the torque becomes zero when 
this factor vanishes. This happens in the 
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| first place when s has the value so = 


"/s Re 
(—2—)’ (no-load running) and in th 
aaa Fo no-load running) and in the 


second place when s = 1 (rotor locked), 
In the no load test, s having the value just 
stated, Q is found to be equal to 


Q, = 2 1+2We 

oe 2im 1+ ere 

in which (r)c2 = T) + (1 + T1) O2T2 

and, since approximately sin g = 1, the 
measured no load current has the value: 


1 + C2T2 
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In the locked test, at normal line fre- 


quency, the locked impedance (s = 1) is 
found to be determined by 
E Rip2 
1 Bes 
im (1 + cite)? + (Rip2)? 
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However, it is proposed herewith to make 
first a locked test at twice line frequency; 
if thereupon the locked data obtained at 
normal current are proportionally reduced 
to twice line voltage, the locked impedance 
is found to be determined by 
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The values of kop2, 71, and Cr. can now be 
computed from equations 3, 4, and 5, if it 
is assumed, for instance, that Gr. = 71; in 
addition, tm follows from equation 3. 
Thereupon kip; and cr. can be calculated 
from the data of the locked test at normal 
line frequency. On the basis of these 2 
locked tests (eventually a third test at half 
line frequency could be made in addition), 
a fairly close estimate of the values of p: and 
7. can be made, and ky and c can be cal- 
culated. 

If now the data (current, power input, 
slip, and stator resistance) of a full load test 
are available, the values of P and Q follow- 
ing from these test data can be immediately 
computed by means of equation 1. The 
procedure of determining p2 from this full 
load test is then as follows: First P is 
calculated by means of the first equation 
of equations 2 for a few adopted values of 
p2, suitably chosen, and for the value of ke 
just found; thereupon these results are 
plotted in the form of a curve representing 
the calculated value of P as a function of pz, 
a curve on which the test value of P will 
then determine the actual value of p». 
Substitution of this value of p2 in the second 
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equation of equations 2 then gives a value of 
Q which must check within reasonable 
limits with the test value of Q. Further- 
more, the value of p» just obtained should 
be compared with the one determined from 
the locked tests. 

The rotor copper loss at any operating 
point is then equal to 


facilitates the calculation of the constants 
from the actual test readings. The speci- 
fication for motor analysis test are: 


1. Cold resistance of all windings 


2: Cold 
only. 


“locked saturation’? on main winding 
Apply full voltage, read volts, watts, and 


take primary resistance immedi- 
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P. H. Trickey (Diehl Manufacturing Co., 
Elizabethport, N. J.): I have found the 
author’s method invaluable in locating 
troubles in regular quantity production of 
fractional horsepower motors. In fact, in 
the company with which the writer is asso- 
ciated, standard laboratory procedure on 
these ratings is based on this method. I 
am listing below the itemized procedure of 
the standard analysis test. This test pro- 
vides the engineer with all the information 
test is usually increased to include a brake 
test, temperature run, and a more complete 
no load saturation. Occasionally it is nec- 
essary to take speed-torque curves. 

Table I of this discussion shows the ar- 
rangement of the test data sheet, which 
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necessary to obtain the motor constants and 
separate the losses. In cases of excessive 
losses or low torques, it is very helpful in 
locating the defect. 

For sample motors of new designs, the 


Take readings as quickly as pos- 
sible as test should be made with motor as nearly 
at room temperature as possible 


3. “No load saturation,’’ main winding only. 
Take on full voltage, 95 per cent voltage, and at 
voltage which gives minimum amperes. Read 
volts, watts, and amperes. Take primary resist- 
ance after test. Motor should be at full load tem- 
perature 


4. Full load reading, motor at full load tempera- 
ture, read volts, watts, amperes, revolutions per 
minute, and torque. Take primary resistance after 
test . 


5. Maximum torque 
6. Locked rotor torque 
7. Pull-up torque 


8. Locked rotor line amperes (motor at full load 
temperature) 


R. E. Hellmund (Westinghouse Elec. and 
Migs Coy, Ba ebittsburch) eas) ine tiis 
paper a method has been outlined which 
makes it possible to analyze stray load 
losses in single phase induction motors by 
means of the input-output test together 
with no load and other tests made for the 
purpose of determining certain factors. 
Since the question of stray load losses in 
single phase induction motors has not re- 
ceived much attention in the past, further 
use of this method for this purpose is very 
desirable. 

In the paper 2 examples are given, one a 
1/, horsepower and the other a 1/4 horse- 
power motor, and in both examples the re- 
sults indicate slightly negative stray load 
losses. It is further stated that similar 
conditions have been found in other cases. 
The author gives 3 reasons for this condi- 
tion: 


1. The relatively small difference between the no 
load and full load current in single phase motors. 
(This undoubtedly tends to minimize the load 
losses.) 


2. The necessity for determining the secondary 
resistance by the locked rotor test. (Under such 
test conditions there may be certain eddy current 
losses in the rotor that are not present under load 
conditions. This issue could be cleared further 
by making locked-rotor short-circuit tests over a 
wide range of frequencies. This would permit the 
determination of the effective rotor resistance for 
any of the slip frequencies. If for a single phase 
motor the test is carried up to double frequency, it 
even will permit the determination of the losses 
caused in the rotor by the double-frequency excit- 
ing current. It is surprising that locked rotor tests 
at varying frequencies have not been applied to a 
greater extent to determine the effective rotor re- 
sistance at various frequencies; particularly with 
the deep bar and double-deck rotor windings such 
tests should give valuable information for either 
single phase or polyphase motors. 


3. The greater difficulty encountered in determin- 
ing losses in single phase motors. (This is a valid 
reason for reduced accuracy in results, but it of 
course does not alter the facts with regard to load 
losses.) 
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In spite of the reasons given by Veinott, 
I believe that appreciable load losses can be 
present in single phase induction motors and 
that they can be determined with reason- 
able accuracy by his method. I believe that 
in any induction motor except in the larger 
sizes, the changing densities in the air gap 
region are responsible for a large part of the 
stray load losses, especially where the leak- 
age fluxes are likely to saturate the tooth 
tips and bridges of partially or entirely 
closed slots. When this is so, stray load 
losses should be expected in single phase as 
well as in polyphase motors, although they 
may be lower in single phase motors be- 
cause of the first reason given. Additional 
investigations along this line therefore seem 
desirable, and it would be particularly in- 
teresting if certain polyphase motors having 
appreciable load losses could be operated 
on single phase and tested and analyzed by 
Veinott’s method. It is quite possible that 
with the small motors analyzed in the paper, 
the saturation of the core iron in the air gap 
region is low both at no load and at full load, 
which would tend to keep the load losses 
low. 


C. G. Veinott: R. E. Hellmund is un- 
doubtedly correct in his belief that in gen- 
eral, stray load losses do exist in single phase 
machines. In my own experiences with 
fractional horsepower motors, I have found 
little or no positive evidence to indicate 
that these losses are sufficiently large to be 
of practical importance. Hellmund sug- 
gests that it would be of interest to select a 
certain polyphase motor, known to have 
appreciable load losses, and to operate it 
on single phase segregating the losses by the 
means given in the paper, to see if these 
same load losses were found on single phase 
operation. It is sincerely to be hoped that 
this suggestion may be carried out. If one 
line of a 2 phase motor is opened while the 
motor is running at no load, the stator cur- 
rent in the excited phase immediately jumps 
to nearly twice its previous value; part of 
the stray load loss then would be counted in 
as a part of the no load core loss, according 
to present definitions of stray load loss and 
core loss, and would no longer be called 
stray load loss. 

As Hellmund suggests, both of the motors 
in the paper were operated at low inductions 
and the ampere-conductors per slot were 
low, of the order of 50 or 60. 

Iam in hearty accord with P. H. Trickey’s 
analysis sheet and happy that he finds the 
methods of this paper useful. Trickey 
takes X equal to Q, that is, he assumes that 
the leakage reactance is equal to the quad- 
rature component of the locked impedance, 
an assumption which, as stated in the paper, 
is sufficiently accurate for all practical pur- 
poses except when the rotor resistance is 
very high, such as it is in the case when 
brass bars or brass rings or both are used. 
Trickey records sufficient information that 
at any later time the losses in the motor 
may be segregated by the methods out- 
lined. 

A. Van Niekerk’s discussion concerns it- 
self with that portion of the paper devoted 
to the determination of the constanis. The 
exact value of X is of little importance when 
segregating losses. More important is 72 
to the determination of which Van Niekerk 
devotes practically his entire discussion. 
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The principal question raised by him is 
whether or not it is sufficiently accurate to 
determine the rotor resistance from a locked 
reading or must it be determined from a 
load test. Wan Niekerk’s method for de- 
termining 7, from a load test, it must be ad- 
mitted, is considerably more involved and 
cumbersome than the method given in the 
paper which is based on a locked test. I, 
too, once had the idea that 72 had to be de- 
termined from load readings and accord- 
ingly worked out a “cut and try” method 
which I abandoned because it was too cum- 
bersome and the gain in accuracy was de- 
cidedly not worth the extra effort involved. 
Possibly, when the determination of 72 in 
itself is required to a high degree of ac- 
curacy, Van Niekerk’s method should be 
considered seriously as an alternative to the 
method given in the paper. In any method 
of test or analysis of a routine nature, or 
any schedule of calculation which is often 
performed, such as the segregation of losses, 
convenience is of prime importance and 
should not be sacrificed for only a marginal 
gain in accuracy. That it is not important 
to determine 7. with hairsplitting accuracy 
in order to check efficiency by losses was un- 
fortunately demonstrated to me in a strik- 
ing and impressive manner. A large num- 
ber of motors had been analyzed and the 
brake test efficiency checked by efficiency 
by losses using the methods given in this 
paper. It was then discovered that r, had 
been incorrectly determined from test and 
all the values in this line of motors were 
from 5 to 20 per cent too low. Strangely 
enough, however, the “efficiency by losses”’ 
consistently checked the efficiency ‘“‘by 
brake test’? in all cases. Knowing that 
these values of r2 were all wrong, I was 
somewhat surprised, to say the least, and 
decided to investigate the point. A num- 
ber of representative motors were selected, 
the constants were recomputed and the losses 
were figured. The remarkable thing was 
that in most cases, the ‘‘efficiency by losses” 
did not come out more than a point or so 
different from the previous values. What 
actually happened, when 72 was too low, was 
that the core loss figured too high (because 
the no load rotor copper losses were too low) 
and the rotor copper loss under load came 
too low and these errors practically can- 
celed one another. Thus, it was effectively 
demonstrated that great accuracy was not 
necessary in the determination of 72 since 
the gain in accuracy of the losses determina- 
tion is not commensurate with the extra 
effort. 

Perhaps in large machines, it would be 
desirable to take locked readings at differ- 
ent frequencies as suggested by Hellmund. 
Such a method would apparently be simpler 
than Van Niekerk’s. 

Van Niekerk states that “‘if, in the case 
of the 1/s-horsepower 6-pole 60-cycle motor, 
the stator input is figured for s = 0.033, it 
is found to amount to about 80 per cent of 
the input measured during the brake test, 
indicating that the computed full load slip 
will be roughly 25 per cent higher than the 
measured value.’”’ An interesting compari- 
son is afforded in table I. 

This comparison leads me to believe that 
the discrepancy pointed out by Van Niekerk 
is due to an error in measuring the slip 
which was taken by tachometer and not 
stroboscopically. I believe the slip of the 
motor probably would have been about 
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Calculated 
Values From Brake 
Fundamental Test 
Constants Values 
eS ES eet 
Slip s 0.0333 0.043 0.0333 
Watts Input 167 9201 205 
Amps Input 2.97 3.14 seal Ye/ 
Rotor Copper Loss 22-1. 26.1 28:610r26.0 
(Computed) 
Efficiency 56.2 69.2 60.6 


0.043 instead of 0.0333 had it been measured 
stroboscopically; this represents an error 
of only 1 per cent in reading the tachometer. 
Again, a striking difference between single 
phase and polyphase motors comes to light; 
if the measured slip of a polyphase motor 
were 20 per cent too low, the rotor copper 
loss would also be 20 per cent too low. 
Reference to figure 3, however, shows that 
when 7/Xo = 0.06, as in the chosen ex- 
ample, the rotor copper loss is practically 
the same for s = 0.048 as it is for s = 0.0333. 
Thus, in the particular instance, an exact 
measurement of the slip is not important, 
although it is in many cases. 

It is to be hoped that the methods given 
in this paper will be tried and their merits 
determined by practical use. After all, the 
worth of any new method of analysis is de- 
termined better by practical use than by a 
mere academic discussion of it. At least 3 
different electrical manufacturing com- 
panies are making practical use of these 
methods and indications are that more may 
do so. 


Flashing of Railway Motors 
Caused by Brush Jumping 


Discussion and author's closure of a paper by 
R. E. Hellmund published in the November 
1935 issue, pages 1178-85, and presented 
for oral discussion at the electrical machinery 
session of the winter convention, New York, 
N. Y., January 29, 1936. 


C. G. Veinott (Westinghouse Elec. and Mfg. 
Co., Springfield, Mass.): This paper pre- 
sents a new and wholesome approach to the 
irksome problem of flashing of railway mo- 
tors caused by brush jumping. Designers 
are sometimes prone to take the ratio of 
armature ampere turns to field ampere 
turns as a highly significant ratio and one 
upon which they judge many characteristics 
of the motor, such as commutation and sus- 
ceptibility to flashing. The paper shows 
why, in some cases, this ratio is significant 
and why in other cases it has but little sig- 
nificance. The approach is simple, direct, 
straightforward, and easy to understand, 
and consequently more useful to a designer 
than long sets of equations and complicated 
mathematics. 

In figure 12, curve B, the author shows 
that the time of brush lifting to cause a 
flash is 0.014 seconds. This would appear 
to be about the length of time necessary for 
a bar to travel from one brush arm to the 
other. The speed of the motor is not given, 
but if it is assumed to have been 1,000 rpm, 
which seems a reasonable assumption, and 
if further it is assumed that it was a 4 pole 
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motor, 0.015 second would be required for 
1/, of a revolution, or 0.015 second required 
for a commutator bar to traverse from one 
brush arm to the next. This would lead me 


_to believe that in this case probably the are 


did strike to other parts of the commutator, 
forming other arcs in parallel, and that the 
longer arcs were extinguished. I would 
like to ask the author if he agrees with this 
viewpoint or if he found any other evidence 
to indicate that the arc did restrike to other 
bars on the commutator. 


F. B. Powers (Westinghouse Elec. and Mfg. 
Co., E. Pittsburgh, Pa.): Recent tests ona 
machine equipped with 4 brush arms and 1 
brush per arm indicate flashing at very low 
speeds, when such speeds are accompanied 
by high currents. While we do not nor- 
mally consider the lower speeds to be in the 
critical zone, the particular machine under 
test happened to be rather sensitive in the 
high current range. 

The fact that flashing occurred under 
these conditions indicates that the transfer 
of large currents from one brush arm to an- 
other under poor brush riding conditions is 
accompanied by a voltage sufficient to main- 


tain an arc once established and to cause 


flashover. It is interesting to note that 
under the same test conditions at higher 
machine speeds and lower current, flashing 
did not occur. 


W. A. Brecht (nonmember; Westinghouse 
Elec. and Mfg. Co., E. Pittsburgh, Pa.): 
The brush lifting device used in commuta- 
tor flashing tests by the writer and referred 
to in the paper is shown schematically in 
figure 1 of this discussion. It consisted of 
a lever pivoted on a knife edge, with one 
arm wired to the brush. From the other 
end a wire was suspended with a compres- 
sion spring at its lower end, as shown. 
Threaded on the wire was a cylindrical steel 
weight which could be dropped from any 
height onto the spring. 

With the weight of the brush and the 
spring constant of the brushholder spring 
known, differential equations of the motion 
of the brush wére written and solved, re- 
sulting in the equation 


p? £2 

i SS 1 OR 1 1 
2kw w (1) 

in which 

w = weight of falling body = 0.2 pound 

k = spring constant (22.4 pounds per inch 
used) 

h = inches of fall 

p = pounds brush pressure 

# = time in seconds that brush is lifted 


This was simplified further into 


2 = 0.112 (3370 # + 1) (2) 


in which the only unknowns are the height 
of fall of the weight, the brush pressure on 
the commutator, and the time of the brush 
lift. Equation 2 is plotted in figure 1 of 
this discussion. 

After the device was assembled the theory 
was checked by a calibration made with the 
aid of an oscillograph. The calibrated 


‘points are shown on the curve to agree very 
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closely with the calculations. 

The device was used in 2 ways: first, to 
ascertain the effect of varying the time of 
brush lift; and second, to find the voltage at 
which flashing occurred using a fixed time 
of lift. 


N. W. Storer (Westinghouse Elec. and Mfg. 
Co., E. Pittsburgh, Pa.): The author has 
given a very clear analysis of one phase of 
the problem of flashing in railway motors. 
Undoubtedly, a great deal of flashing has 
been caused in the past by brush jumping. 
This may have been due to rough track, or 
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comparison of calculations and calibrated 
points 


Calibrated points indicated by O 


a track with too rigid a foundation; to a 
commutator with high bars or a commuta- 
tor that did not stay cylindrical or tight; 
to brushes that chatter or had too light a 
spring tension; or to worn armature bear- 
ings that permitted the entire armature to 
“jump” with respect to the brushes. 

The demand for small light weight motors 
has led to armature speeds that were un- 
dreamed of a few years ago, speeds that 
would have been impossible with the old 
methods of design and construction. 

Many changes have been necessary. 
More attention is paid to electrical design, 
especially to securing good compensation at 
all speeds and loads; commutators have an 
improved construction and are carefully 
seasoned at high temperature and high 
speed before the armature is assembled; 
the finished armature is given a perfect 
running balance; the motor has roller bear- 
ings which maintain correct gear center dis- 
tances and prevent loose bearings; the 
motor is entirely spring borne; and there is 
a brush holder for every pole. 

In addition to the foregoing features, the 
modern motor has class B insulation and a 


very efficient system of self-ventilation, 
both of which have helped greatly to reduce 
the weight of street railway motors to the 
neighborhood of 10 pounds per horsepower 
with very stable performance. 


R. E. Hellmund: I appreciate W. A. 
Brecht’s discussion because it supplements 
my paper and shows in detail the test 
method used in connection with the curves 
of figure 12 of the paper. It also gives some 
evidence of the accuracy of these tests. 
This, together with the point raised by C. G. 
Veinott in his discussion, indicates that for 
certain test conditions in figure 12, particu- 
larly those for the higher loads of the series- 
connected motor as well as for the points 
with separate excitation at 60 amperes, the 
basic theory given in the paper is not suffi- 
cient to explain the results fully. It is evi- 
dent that some of the secondary phenomena 
discussed in the paper, especially the possi- 
bility of the shifting of the hot-cathode spot 
on the commutator, has to be assumed under 
some of these test conditions. This was be- 
lieved to be the case when the paper was 
written, as stated in a footnote on page 
1185; however, at that time no supporting 
experimental evidence was available. Some 
additional tests have since been made 
which show that at least with some of the 
heavier currents the shifting of the hot- 
cathode spot on the commutator toward the 
brush takes place at times, but it was also 
found that this shifting does not seem to 
occur regularly and therefore cannot be 
depended upon in practice. This then 
means that in order to work safely, this 
shifting should not be relied upon and that 
the basic procedure suggested in the paper 
is after all the safest method to follow in cal- 
culations. 

The practical case covered in the discus- 
sion by F. B. Powers is of interest in that 
it brings out that even with a brush for each 
pole, flashing from brush jumping can occur. 
As pointed out by him and also in my paper, 
such conditions are influenced largely by the 
inductive voltage induced in the coil be- 
tween the brushes of the same polarity when 
one of these brushes leaves the commutator. 
This voltage naturally is highest at heavier 
currents, as pointed out by Powers. 

I fully concur with N. W. Storer’s re- 
marks to the effect that great improvements 
have been made in up-to-date motors in a 
number of respects which favor the elimina- 
tion of flashing caused by brush jumping. 
Without this, the appreciably increased 
motor speeds now in use would not have 
been possible, and in fact the theory given 
in the paper plainly indicates that intoler- 
able conditions would exist in modern mo- 
tors if such improvements had not been 
made. However, even in these improved 
motors it is still necessary to properly pro- 
portion the electromagnetic design features 
of the motor so as to reduce as much as pos- 
sible flashing possibilities either from brush 
jumping or power interruptions. A com- 
plete study of this requires in addition to 
the method given in the paper, basic data 
on the are characteristics as applying 
to commutator conditions. Investigations 
along this line have now been made and will 
be given in some future publication. These 
tests, together with the method of attack of 
the present paper will make it possible to 
make comparative studies of the electro- 
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magnetic features of motor designs under 
the assumption that the mechanical condi- 
tions for brush jumping are the same in the 
designs being compared. 


Discharge Currents in 
Distribution Arresters 


Discussion and authors’ closure of a paper by 
K. B. McEachron and W. A. McMorris pub- 
lished in the December 1935 issue, pages 
1395-99, and presented for oral discussion at 
the protective devices session of the winter 
convention, New York, N. Y., January 30, 


1936. 


L. G. Smith (Consolidated Gas, Electric 
Light, and Power Company of Baltimore, 
Md.): The data reported by the authors 
have been needed. It is hoped that other 
companies will co-operate in the collection 
of this data so that in the future a suffi- 
ciently large amount of this information 
will be available for a more accurate con- 
sideration of probability factors. In study- 
ing the data obtained to date it is surprising 
to find the low surge current experienced. 
In the past, many troubles with lightning 
arresters on distribution systems have been 
attributed to surge currents in excess of 
those which the arrester or the gap were 
capable of carrying. These troubles sup- 
posedly were solved by increasing the dis- 
charge current carrying capacity of the de- 
vice. However, these data indicate that 
the maximum current for which the latest 
devices are designed is many times the maxi- 
mum encountered in service; yet these de- 
vices are failing, and in most cases without 
showing indications of direct strokes. In 
fact, from the data presented, the probabil- 
ity of surges over 10,000 amperes is so small 
that high surge currents cannot explain past 
troubles. 


H. M. Towne (General Electric Co., Pitts- 
field, Mass.): The data presented by the 
authors on the magnitude of lightning dis 
charge currents through distribution arrest- 
ers can be used in combination with avail- 
able data on impulse current-time character- 
istics of fuse links for determining the possi- 
bility of primary fuses being blown by light- 
ning currents where the fuses are located on 
the line side of the arrester at distribution 
transformer installations. Obviously, if 
the primary fuse is connected in the line 
side, or ahead of the lightning arrester, any 
lightning discharge currents must pass 
through the fuse to the arrester discharge 
circuit to earth. The possibility of the fuse 
being blown by the lightning discharge cur- 
rent depends upon the current rating of the 
fuse element, its current-time characteris- 
tics, and the amplitude and duration of the 
lightning discharge current. 

Figure 1 of this discussion shows the im- 
pulse current-time characteristics of fuse 
links as determined by Duvoisin and Brown- 
lee (see “Impulse Characteristics of Fuse 
Links,” E. M. Duvoisin and L. Brownlee, 
G. E. Renew, v. 35, May 1932, p. 260-66). 
The highest safe impulse current of, say, 20 
microseconds duration, that could be passed 
through a 3 ampere fuse element is seen to 
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be about 2,500 amperes. A fuse rated at 
5 amperes will withstand an impulse cur- 
rent of about 4,200 amperes and a fuse 
rated at 10 amperes will withstand an im- 
pulse of about 10,000 amperes, of the same 
duration. For impulses with shorter time 
elements, the fuses will withstand higher 
currents, whereas longer duration of im- 
pulse currents would cause fuse blowing at 
lower current amplitudes. Although over 
9/19 of all discharge currents measured by 
the authors are below 5,000 amperes, which 
probably would not blow fuses of 5 ampere 
rating or greater, it appears that the rela- 
tionships between the authors’ expectancy 
curves for higher discharge currents and 
the impulse characteristics of fuses should 
be considered in applications where the fuses 
are located on the line side of the arrester 
discharge circuit to earth. Although there 
are no data on the actual duration of the 
lightning discharge currents measured by 
the authors, it may be that the less frequent 
and higher amplitudes of discharge cur- 
rents of from 10,000 to 15,000 amperes in- 
volve relatively short time durations. Data 
on the actual duration of discharges in serv- 
ice, as well as on the number of multiple or 
rapidly recurring discharges, will be neces- 
sary before any exacting correlation can be 
established for the probability of fuses being 
blown by the passage of lightning currents. 
Available data, however, permit a fair ap- 
proach to this problem. 


L. R. Ludwig and A. M. Opsahl (Westing- 
house Elec. and Mfg. Co., East Pittsburgh, 
Pa.): The paper by K. B. McEachron and 
W. A. McMorris contains considerable valu- 
able information on measured surge cur- 
rents through distribution arresters. Ac- 
cording to the authors, the maximum cur- 
rents recorded are so close to the limits of 
accuracy of the measuring apparatus that 
the writers would like to inquire whether 
it is possible that higher values may have 
occurred, but have not been recorded prop- 
erly. According to figures 3, 4, and 5 of the 
paper, 2 per cent of the surges have a mag- 
nitude of 15,000 amperes or more. Since 
each arrester must be expected to operate on 
surge 1 or 2 times per year (see “Lightning 
Investigations on a Distribution System,” 
Herman Halperin and E. H. Grosser, ELEc. 
EncG., v. 55, Jan. 1936, p. 63-70) the num- 
ber of surges of a magnitude larger than 


15,000 amperes, on a system containing 
10,000 transformers, would be from 200 to 
400 per year. This frequency of occur- 
rence is so large that distribution arresters 
must be made adequate for surge currents 
of this order of magnitude. 

It is interesting to note from L. G. 
Smith’s paper (‘‘Distribution Transformer 
Lightning Protection Practices,’ ELgc. 
Encc., v. 55, Jan. 1936, p. 47-53) that the 
arrester failures average about 1.5 per cent, 
and to compare this figure with the results 
from this paper that about 2 per cent of the 
surges are of a magnitude of 15,000 amperes 
or greater. Assuming that the arrester 
failures are due mostly to surge currents, 
these facts indicate that arresters now in 
the field have a surge current capacity just 
a little more than 15,000 amperes, perhaps 
20,000 amperes. The arrester failure rate 
of 1.5 per cent certainly is too high to be de- 
sirable, and in order to reduce it consider- 
ably, arresters should be built with a surge 
current capacity of at least 50,000 amperes. 
Such capacities are available in modern dis- 
tribution arresters, and if data were avail- 
able on the performance of this modern ap- 
paratus only, much lower arrester failure 
rates would be indicated. 


Herman Halperin (Commonwealth Edison 
Co., Chicago, Ill.): Data such as those ob- 
tained by K. B. McEachron and W. A. 
McMorris should be of value, not only in 
learning more about the characteristics of 
lightning surges on distribution systems, 
but also in arrester design involving the 
requisite surge current capacity to incorpo- 
rate in arresters for various service condi- 
tions. Experience indicates that the pres- 
ent distribution type arrester probably has, 
at least for certain conditions, about the 
proper surge capacity. Additional field 
measurements of surge currents and their 
effect on arresters may indicate, however, 
the desirability of some changes in arrester 
design for some conditions. 


C. M. Foust (General Electric Co., 
Schenectady, N. Y.): In connection with 
the use of the surge crest ammeter in the 
investigation outlined by K. B. McEachron 
and W. A. McMorris, the writer would like 
to make it clear that the use of the galvan- 
ometer is entirely supplementary and adds 
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to the normal 10 per cent accuracy only in 
occasional cases such as pointed out. The es- 
sential elements required for measurements 
at one station are 2 magnetic links, a sup- 
porting bracket, a surge crest ammeter, and 
a calibration curve. Auxiliaries such as 
magnetic link keepers, magnetization indi- 
cators and magnetizing and demagnetiza- 
tion coils provide additional facilities where 
required. The first 3 auxiliaries provide 
for link protection, magnetization detection, 
and calibration checking. The demagnetiz- 
ing coil permits repeated use of the links. 

It may be of interest here to summarize 
briefly the extent of the application of the 
surge crest ammeter. More than 5,000 
measuring stations were in operation dur- 
ing 1935. Up to and including 1935, more 
than 1,500 records of crest values of light- 
ning surges have been recorded. On trans- 
mission line tower structures, about 900 
records involving 365 towers and about 300 
lightning strokes have been obtained. 
Tower currents range up to 132,000 am- 
peres and total stroke currents to 220,000 
amperes. More than 24 records of light- 
ning currents in tower top lightning rods 
have given an upper limit of 25,000 am- 
peres. In counterpoise wires the maximum 
current found in a total of 209 records was 
17,000 amperes. A record of 162,000 am- 
peres has been obtained in a radio mast. 
These records have been used to determine 
the distribution of current between tower 
legs, the effectiveness of radial and parallel 
counter poise, as well as to give an indication 
of the location of the stroke. 


K. B. McEachron and W. A. McMorris: 
C. M. Foust has called attention to the fact 
that the surge crest ammeter would ordi- 
narily be used instead of a ballistic galvanom- 
eter in making measurements on magnetic 
links. As pointed out in the paper, current 
readings were made on links that were 
magnetized beyond the normal range over 
which average calibration curves can be de- 
pended upon to give accurate results, unless 
links are selected carefully for uniformity. 
By taking advantage of the laboratory avail- 
able facilities and making individual cali- 
bration tests on the strongly magnetized 
links, the range in which accurate measure- 
ments could be made was extended consid- 
erably. 

The use of a galvanometer instead of a 
surge crest ammeter ordinarily would not be 
necessary, and in fact would not be practi- 
cal where field measurements are to be made 
on the links. 

L. R Ludwig and A. M. Opsahl have 
asked whether there is a possibility that dis- 
charges of greater magnitude than those re- 
ported might have occurred without being 
properly recorded, because of limitations of 
the recording instruments. The writers do 
not feel that the highest currents recorded 
are the highest that a lightning arrester may 
ever be required to handle. However, for 
the higher currents recorded, individual 
calibration tests were made on the links in- 
volved, over a range of magnetization ex- 
tending both above and below the values 
found in the field. This indicates that the 
links were capable of recording higher cur- 
rent discharges if they had occurred. 

In this investigation, 3 discharges of 15,- 
000 amperes or more were recorded in 1,225 
arrester-years of service, which corresponds 
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to 25 such discharges per year per 10,000 
arresters. This actual measurement in the 
field may be compared with Ludwig and 
Opsahl’s estimate of 200 to 400 such dis- 
charges per year per 10,000 transformers. 

Judging from the paper by Halperin and 
Grosser (“Lightning Investigations on a 
Distribution System,’ Herman Halperin 
and E. H. Grosser, ELEc. ENGG., v. 55, Jan. 
1936, p. 63-70) and from L. G. Smith’s ex- 
perience as given in his discussion of this 
paper, it does not appear justifiable to as- 
sume that arrester failures can be predicted 
merely on the basis of maximum discharge 
current capacity. In this investigation 8 
arrester failures were reported at locations 
where magnetic links were installed. In 4 
cases the discharge cutrent recorded was 
500 amperes or less. In the remaining 4 
cases, the currents recorded were between 
500 and 5,000 amperes, although one of 
these arresters had passed a current of 15,- 
000 amperes a few months before. 

That the percentage of the records indi- 
cating currents of 15,000 amperes or more is 


- so nearly equal to the percentage of arrest- 


ers that have failed, appears to be merely a 
coincidence. The 2 percentages are not 
even expressed in terms of the same base. 
So far this investigation has shown little 
correlation between arrester failures and the 
magnitude of discharge current. 

As suggested by H. M. Towne, the data 
obtained in this investigation make possible 
the application of data published by Du- 
voisin and Brownlee on the impulse current- 
time characteristics of fuse links. This 
should help to clarify the problem as to 
whether or not primary fuses should be in- 
stalled on the line side of arresters. 

With reference to the discussion of Hal- 
perin and Smith, this investigation is to be 
continued to obtain additional data on ar- 
rester discharge currents, and on the per- 
formance of arresters when subjected to ac- 
tual lightning discharges of known magni- 
tude. 


Lightning 
Arrester Economics 


Discussion and authors’ closure of a paper by 
Philip Sporn and I. W. Gross published in the 
January 1936 issue, pages 84-93, and pre- 
sented for ora! discussion at the protective 
devices session of the winter convention, 


New York, N. ¥., January 30, 1936. 


H. M. Towne (Geieral Electric Co., Pitts- 
field, Mass.): The authors have presented a 
valuable and most interesting treatise of 
lightning arrester economics. The retro- 
spection of earlier operating opinions to- 
ward the value of arresters and reasons 
motivating their applications or omissions, 
together with the modern economic dictates 
and conclusions drawn by the authors, bear 
testimony to the evolution and advances in 
knowledge of arrester design and applica- 
tion engineering. 

The authors show in table II of the paper 
that experience with 2,771 unprotected dis- 
tribution transformers over a 2 year period 
resulted in 1,068 total lightning troubles and 
927 fuses blown and 85 transformers burned 
out. The yearly average is 38.5 per cent for 
total troubles, 33.4 per cent for blown fuses 


and 3.1 per cent. for transformer burnouts. 
The figures of 29.4 per cent and 29.8 per 
cent given in table II of the paper for total 
troubles and fuses blown respectively, ap- 
pear to be in error in the summarizing of 
yearly averages for the 1934 and 1935 tabu- 
lated data. 

It is reasonable that most blown fuses and 
transformer burnouts represent lightning 
conditions where surge amplitudes exceeded 
the lightning flashover or breakdown 
strength of the transformers. Then adding 
the figures 33.4 per cent for fuse blowing 
and 3.1 per cent for transformer burnouts, 
it appears that lightning surges exceed the 
transformer insulation level at the rate of 
about 36 per cent. In other words, about 
1 transformer of every 3 installed would be 
subject to lightning voltages exceeding the 
transformer insulation strength each year. 

It is interesting to note the agreement be- 
tween this apparent rate and the rate indi- 
cated by the McEachron and McMorris 
field measurements (see ‘“‘Discharge Cur- 
rents in Distribution Arresters,’ K. B. 
McEachron and W. A. Morris. ELec. 
EncG., v. 54, Dec. 1935, p. 1895-99) of surge 
currents through arresters. The field meas- 
urements involved 1,225 installations under 
test, for which 411 records of surge currents 
were obtained. McEachron and McMorris 
point out that their lower limit of current 
measurement corresponds to traveling wave 
amplitudes that would be dangerous to un- 
protected transformers; hence, the 411 
total measured currents of 1,225 total in- 
stallations indicate that 33.6 per cent, or 
about 1 of every 3 transformer installations 
were subjected to lightning voltages exceed- 
ing the transformer insulation strength. 
Although the data by McEachron and 
McMorris apply to 4 distribution systems 
quite widely separated geographically, the 
average conditions for installation suscepti- 
bility appear to agree closely with the Sporn 
and Gross data for Ohio. 

Naturally, the conditions in Georgia are 
more severe than average, and as indicated 
by the McEachron-McMorris data for the 
Georgia system alone, there were 231 records 
of 251 installations indicating that about 
92 per cent of the transformers, or nearly 
every transformer installed would be sub- 
jected to lightning voltages exceeding the 
transformer insulation strength each year. 
Hence, such high rate of susceptibility in the 
more severe lightning territories should re- 
sult in even greater economic justification 
for protection than computed by Sporn 
and Gross from data representing more 
nearly average conditions of lightning preva- 
lence and severity. 

The authors have given some interesting 
figures for unit costs of lightning damage. 
Data of this character are most important 
in evaluating the economics of protection. 
To the writer’s knowledge, the only data 
previously published were those accumu- 
lated by the Empire State Gas and Electric 
Association (see “Transformer Outages 
Determined by Ground Conditions,’ R. 
Phillip Hart. Elec. World, v. 98, Sept. 12, 
1931, p. 456-58) wherein the average cost 
of a blown fuse was given as $5.20, and the 
average cost of a transformer burnout 
$69.95. It is reasonable to suppose that 
these costs of lightning damage will vary 
over quite a range for different utilities com- 
piling the data, depending on territory 
served and accounting methods for labor, 
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material and transportation necessary in 
making repairs and re-establishing service, 
together with the costs of loss of customer 
revenue and good will attending the period 
of service interruption. As pointed out by 
Sporn and Gross, the extension of distribu- 
tion systems, and therefore the increasing 
expense of servicing, is an important item 
in the economics of complete protection. 
It would be most valuable if other utilities 
would compile figures for unit costs of light- 
ning damage as done by the authors. Per- 
haps the collection of such additional data 
could be included with the continuation of 
the excellent survey conducted by L. G. 
Smith (see “Distribution Transformer Light- 
ning Protection,” ELEC. ENGG., V. Dye). Jan. 
1936, p. 47-53), involving the 38 operating 
companies contributing other data on dis- 
tribution transformer lightning protection 
practices. 


P. L. Bellaschi (Westinghouse Elec. and 
Mfg. Co., Sharon, Pa.): In the light of pres- 
ent knowledge on insulation co-ordination, 
the authors have directed their efforts to re- 
examine certain aspects of the economic 
problem. It must be conceded that in a 
_ study of this kind dependable conclusions 
may be reached only if the technical basis is 
sound. 

Past experience in the form of statistical 
data, such as given in table II of the paper, 
for example, is essential, but such detailed 
records have been obtained only recently. 
The question may then be asked whether 
more statistical data for a number of the 
coming years are not required, if the conclu- 
sions deduced by the authors are to be ac- 
cepted with assurance. 

Besides, fundamental knowledge of the 
impulse characteristics of apparatus and 
protective equipment is equally essential 
for dependable economic analysis. An il- 
lustrative example on this point would be 
table VII of the paper. It can hardly be 
said that the fundamentals have been com- 
pletely explored; accordingly, all conclu- 
sions on the economics of the problem natu- 
rally change with new developments. 

At the present time, co-ordination meth- 
ods between apparatus insulation and pro- 
tective equipment can in general be ascer- 
tained by laboratory test, but experience 
over a reasonable number of years is neces- 
sary before conclusions on the efficiency of 
newly proposed methods can be stated with 
reasonable certainty. 

For these reasons the conclusions in the 
paper based on 2 years of service seem pre- 
mature. There is no question, however, 
that the time is ripe for analysis of the 
economic problem along the lines the au- 
thors have given. From this standpoint 
their contribution is of a pioneering charac- 
ter. 


F. J. Vogel (Westinghouse Elec. and Mfg. 
Co., Sharon, Pa.): This paper is indeed in- 
teresting in marking the progress made in 
the design of transformers and protective 
equipment. It is fundamental in the scien- 
tific design of any machine, that it be known 
what stresses the machine will have to with- 
stand, and how to design it to withstand 
these stresses. In the early days there is no 
question that a knowledge of both of these 
factors was lacking, and if service experience 
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was satisfactory it was a matter of luck 
alone. 

The progress that has been made is in 2 
directions, the direction of a knowledge of 
the stresses that will be permitted by ar- 
resters or other protective means, and the 
direction of complete knowledge of the in- 
sulation strength of transformers. This 
knowledge has been obtained recently, and 
its application is not yet of sufficient dura- 
tion to obtain completely satisfying statis- 
tical data. 

It is true that laboratory work alone is 
not implicitly reliable, and undoubtedly 
statistical data and field experience have 
great value. However, they may be very 
misleading when taken by themselves. An 
example of this is as follows: The opinion 
of most engineers some years ago was that 
the percentage of annual failures was low 
on large transformers, and that line insula- 
tion was generally within certain limits; 
therefore, transformer insulation was gen- 
erally above the surge strength level of the 
line insulation. Nothing could be further 
from the truth, since in many cases trans- 
former insulation was far below such levels, 
and yet good operating records were ob- 
tained. The writer’s own opinion is that 
the statistics show severe surges on the 
larger transformers to be relatively rare, but 
that there may be disconcerting exceptions. 
For example, the writer knows of one trans- 
former bank that was in service 5 years be- 
fore a failure occurred, and the strength of 
which was far below the line insulation 
strength. In another instance the design 
had been in line with past design methods, 
and was in line with many other transform- 
ers, but failures occurred almost every year 
until better protection was afforded. This 
leads the writer to question the comparison 
between the service record of table VI, of the 
paper, between over-insulated transform- 
ers and ordinary transformers with arrest- 
ers. It is possible that severe surges have 
not actually reached these 18 over-insu- 
lated transformers. 

Without intending to discredit the in- 
stallation of really co-ordinated apparatus, 
and for similar reasons to those discussed in 
the foregoing paragraph, it is believed that 
the statistical evidence of 2 years satisfac- 
tory service of a particular bank of trans- 
formers with arresters possibly is not as 
convincing as actual tests at the manufac- 
turer’s works. Where such installations as 
described are to be made, the writer believes 
that the facts should be demonstrated by 
test, so that a real comparison between the 
results by test and service experience can 
be made. 


L. G. Smith (Consolidated Gas, Electric 
Light, and Power Company of Baltimore, 
Md.): An effort to balance the economics of 
lightning arrester protection is of consider- 
able interest to the industry. The authors 
are to be congratulated on making an origi- 
nal step in this direction. The writer’s first 
reaction to the paper was the realization of 
the general lack of data on operating results 
that could be used as a base for economic 
studies of this type. It certainly behooves 
the industry to follow the thoughts de- 
veloped in this paper and to make such op- 
erating data available. 

In the discussion of the application of ar- 
resters on distribution systems, apparently 


the authors used the average rates of trans- 
former burnouts and primary fuses blown 
as a basis for the curves in figures 1 and 2 of 
the paper. If such is the case, any economic 
balance for the use of lightning arresters 
should be based upon the average cost of 
transformers instead of the cost of each size 
of transformer. It is believed that it is not 
correct to assume average rates of trans- 
former burnouts and primary fuses blown 
for all sizes of transformers. The following 
table shows the average rates of these 
troubles over a 5 year period for 4 sizes of 
transformers on the system of the company 
with which the writer is connected: 


Primary Fuses Transformer 
Size Blown, Damage, 
Amperes Per Cent Per Cent 
LL/o 5. caeteteeeten eens L7 33.3 eee ee 1.8 

By. cds 7 Ov saaepapiaes ocean 0.98 
LD.) cree 2.92. Re Somer ae 0.72 
PE eS Or) HERE 1) OS os ee 0.42 
Average...... 9S ovien cma ee ere 1.15 


In this table the transformers damaged 
include winding failures, but are not limited 
to this type of failures. However, trans- 
former winding failures should follow very 
closely the same trend. The above data 
are based upon transformers protected with 
lightning arresters using the standard con- 
nection. Since the decreasing rate of 
troubles with increase in size seems to be an 
inherent characteristic of the transformer, 
the same trend undoubtedly will be found 
to exist with other methods of lightning 
protection, or without any lightning protec- 
tion. 

In the section dealing with medium volt- 
age applications, the statement that the 
elimination of additional spare equipment 
will justify lightning protection is ques- 
tioned, in view of the fact that if spare trans- 
formers are meant by the authors, they 
would also be required for other reasons. 
On this class of transformers service is also 
a determining factor, since transformers of 
this voltage usually supply distribution 
loads frequently over sizeable areas. 

The idea of purchasing lower insulated 
transformers for use with lightning arresters, 
which will restrain the voltage to a safe 
value, is an intriguing one and opens the 
possibility of saving considerable money to 
the industy if lightning arresters can be de- 
pended upon to function in accordance with 
their laboratory characteristics. However, 
it is believed that in applying this principle 
it is essential to shield adequately the sub- 
station and the line wires for a sufficient dis- 
tance from the substation, so that the mag- 
nitude of surges entering will be limited to 
the impulse level of the transmission lines 
connected to the substation. In the field of 
medium and higher voltage transformer 
protection, the industry is in need of a 
greater volume of carefully collected data. 


T. H. Haines (Edison Electric Illuminating 
Company of Boston, Mass.): In this paper 
a table is given in which the Edison Electric 
Illuminating Company of Boston is repre- 
sented as installing arresters on transformers 
no smaller than 7!/, kva. This was true 
until 1930 only. Quoting from a paper read 
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‘by the writer before the Boston Section of 
the A.I.E.E., December 18, 1982, ‘A study 
of the individual troubles over the years in- 
dicated the extreme susceptibility of the 
small transformers to lightning troubles. 
For instance, in 1929 the transformers of 5 
kva or less constituted 30 per cent of the 
transformers and contributed 50 per cent of 
the trouble; in 1930, the 5 kva and smaller, 
constituted 28.5 per cent of the transform- 
ers and had 67 per cent of the trouble. A 
study of the economics of the situation with 
these figures in mind resulted in the decision 
to equip all transformers, regardless of size, 
with protective equipment.” 

This decision resulted from the fact that 
in the earlier days transformer manufac- 
turers followed the odd practice of adjust- 
ing the bushing size and internal clearances 
to the scale of dimensions of the transformer 
instead of to the operating voltage. 

With modern transformers, in which 
bushings are of equal flashover value re- 
gardless of size, these economics may hold, 
but this company never has re-established 
the limit here given. 

Under the heading ‘Broad Economic 
Considerations,’’ protection of service is 
mentioned as an element to be considered 
in evaluating lightning arrester justifica- 
tion. Apparently loss of good will due to 
customer outage has not been included in 
the economic study. To use it in such a 
study, it must be evaluated, but it is a 
thing that no individual seems willing to do, 
at least for publication. If any reasonable 
vaiue in money is assigned to the kilovolt- 
ampere-hour outage or loss of service, the 
minimum kilovolt-ampere limit for trans- 
former protection worked out in this paper 
would be reduced considerably. 


Robert Treat (General Electric Co., Sche- 
nectady, N. Y.): It is indeed gratifying to one 
who has long advocated the use of lightning 
arresters, that careful studies clearly have 
demonstrated their utility to such promi- 
nent engineers as the authors of this paper. 
Their experience and reputation are ade- 
quate guarantee against their having been 
misled by wishful thinking—a suspicion 
from which one associated with a manufac- 
turer of these devices is sometimes not en- 
tirely free. 

This subject has one important aspect, 
treated briefly in the paper, on which the 
writer wishes to offer further comment. 

Much of the existing apparatus to which 
lightning arresters may be properly applied 
was built with less than present standard in- 
sulation strengths, and these strengths cer- 
tainly have not increased with age. It is 
sometimes a problem to select an arrester 
capable of affording any protection to this 
old apparatus without incurring the possi- 
bility that the arrester itself may be injured 
by certain conditions of operation to which 
it is occasionally subjected. This is likely 
to happen when the arrester is located near 
a hydroplant that may be subject to run- 
away and high dynamic voltage on loss of 
load, especially if the system neutral is not 
grounded. In such a case, some operators 
have proceeded on the basis that they must 
not risk the failure of an arrester, even 
though the avoidance of that risk dictated 
the choice of an arrester to which no amount 
of wishing could successfully ascribe much 
protective value. The arrester manufac- 
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turer occasionally has been somewhat sym- 
pathetic with such a viewpoint, because he 
realized that, regardless of extenuating cir- 
cumstances, a failure of his arrester might 
be used to his disadvantage; whereas, if it 
merely failed to accomplish its purpose, the 
arrester was much less likely to be blamed. 

Fortunately, this attitude on the part of 
both operators and manufacturers is be- 
ginning to pass and to be replaced by a view- 
point more in keeping with that of the au- 
thors of this paper. 

It is suggested that an approach to the 
problem of protecting old apparatus from 
lightning, along the lines suggested in this 
paper, would reveal many cases in which it 
would be good business to change present 
installations. Such an approach might 
well disclose that the attitude of preventing 
the failure of the arrester without regard for 
the protected apparatus is costing real 
money, much of which could be saved by 
adopting a policy of improving the protec- 
tion of apparatus, even though the im- 
proved protection entailed the risk of occa- 
sional damage to an arrester. 


Herman Halperin (Commonwealth Edison 
Co., (Chicago, Ill.): In connection with the 
paper by Philip Sporn and I. W. Gross, the 
writer’s studies, including those on the 
effect of arrester density on the rate of light- 
ning troubles on the distribution system, 
have indicated that with no arresters the 
annual rate of transformer failures would be 
roughly 5 per cent in Chicago as compared 
to about 0.4 per cent with normal arrester 
protection and to about 0.2 per cent with 
interconnection. Following the authors’ 
methods, it is found that for distribution 
transformers arresters are justified from 
purely an economical consideration for 
sizes larger than 15 kva. The method of 
calculation used by Sporn and Gross as- 
sumes a constant rate of lightning troubles 
regardless of transformer size. Experience 
has indicated, however, that smaller trans- 
formers have a higher failure rate, which 
would tend to lower the minimum size limi- 
tations for economic usage of arresters. 
With this consideration, their decision to 
use arresters on the smaller sizes of trans- 
formers may be well justified solely on the 
basis of protection of equipment. 


L. R. Ludwig and A. M. Opsahl (Westing- 
house Elec. and Mfg. Co., East Pittsburgh, 
Pa.): In table II of the paper by Philip 
Sporn and I. W. Gross, it can be seen that 
the arrester connected to ground and case, 
and the gap to neutral, which is a form of 3 
point protection or gapped interconnection, 
has given the best results of any of the com- 
binations tried. This is quite in line with 
theoretical expectations. The data are 
somewhat limited, of course, but probably 
are indicative. 

The authors have introduced a possible 
new trend in coupling an adequate type of 
lightning arrester closely to its associated 
transformer, and accepting lower than nor- 
mal insulation of the transformer with re- 
sultant saving in cost. It is, of course, 
somewhat early to draw definite conclusions 
as to the desirability of this procedure. 
Normal operating limits have been cut in 
order to achieve a cost saving, and although 
the probability of successful operation looks 


very good from a theoretical standpoint, 
time alone can tell whether modern arrest- 
ers and transformers are adequate to be 
operated together in this way without addi- 
tional lightning trouble which might easily 
offset the saving effected. Certainly ar- 
resters have been developed to the point at 
which a field trial with this type of combina- 
tion has been warranted, and further results 
are awaited with interest. 


Philip Sporn and I. W. Gross: The authors 
wish to thank H. M. Towne for calling at- 
tention to an error in table II of the paper, 
wherein the yearly average blown fuses 
should have been 463 instead of 414, and the 
percentage 33.4 instead of 29.8. Similarly, 
the total cases of trouble should have been 
534 instead of 483, and the percentage 38.5 
instead of 29.4. However, if the data for 
transformers operating with no arresters and 
cases grounded are included as well as those 
transformers with cases ungrounded, the 
blown fuses and total cases of trouble be- 
come 27.5 per cent and 31.5 per cent, which 
are approximately 1/s; below the figures for 
distribution transformers with cases un- 
grounded. It is interesting to note the 
conclusion Towne has reached that 1 dis- 
tribution transformer in every 3 yearly is 
subjected to a lightning disturbance suffi- 
cient to cause damage to the transformer. 

T. H. Haines’s present practice in apply- 
ing arresters to all transformers instead of 
those no smaller than 7.5 kv, which he 
states was done until 1930, clearly indicates 
the necessity for making changes in operat- 
ing practice as soon as additional informa- 
tion becomes available. As noted in the 
paper, the authors recently have changed 
their practice to include lightning arresters 
on all transformers, but in 1932 they recom- 
mended using them only on transformers of 
5 kva and above. 

The thought of both T. H. Haines and 
Herman Halperin, that troubles on distri- | 
bution transformers are lower for the smaller 
capacities, the authors recognized were at 
the time the paper was written, but it did 
not seem to be feasible to incorporate these 
in the curves. It is true, however, that 
this is an added factor to be taken into ac- 
count-in arriving at a decision on just how 
far to go in applying arresters on transform- 
ers of various sizes. It should clearly be 
pointed out that it is practically impossible 
to devise any group of curves that will 
apply under all conditions, but as accurate 
field data become available, they undoubt- 
edly can be used to make the result more 
specific than a general analysis. In fact, 
the lightning conditions in different terri- 
tories will govern to some extent the ulti- 
mate choice as to whether arresters are to 
be used or not. 

Several discussers questioned the advis- 
ability of using a derated arrester and un- 
derinsulated transformer, and expressed the 
opinion that laboratory tests are more con- 
vincing on the ability of the transformer 
equipped with a lightning arrester attached 
to withstand lightning voltages in the field 
than 2 years of operating experience. It 
might be of interest to point out here that 
the particular transformer installation re- 
ferred to had an impulse test in the factory; 
moreover, it had a factory impulse test with 
the lightning arrester connected to the trans- 
former, arranged practically the same as in 
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the field. In fact, in appreciating that this 
was a trial installation in the development of 
protection along what appeared to be sound 
but untried lines, every precaution was 
taken to see that sufficient tests within rea- 
son were made previous to the installation 
to insure success in the field. 

The discussions have stressed the im- 
portance of gathering more fundamental 
data on the performance of transformers 
and lightning arresters under field conditions 
and with this the authors thoroughly agree. 
The table presented by L. G. Smith con- 
tributes to this information and should be 
useful in more accurately determining main- 
tenance costs alone in protecting transform- 
ers against lightning for different sizes of 
transformers. 

Smith questions also the possibility of 
eliminating spare equipment in the medium 
voltage class if lightning arresters are used 
and assurance is obtained that lightning 
troubles will be decreased. This, of course, 
isa question that each company must decide 
for itself, but where quite a few similar 
transformers are used, it apparently would 
not be economically sound to provide the 
same number of spare units with a trans- 
former failure rate of say 5 per cent, which 
might be experienced without the use of 
lightning arresters, as if the transformer 
failure rate were only 0.5 per cent. This 
does not apply in the case of one trans- 
former bank only in which a single trans- 
former unit generally would be provided as 
a spare. 


Measurement of 


Telephone Noise 
and Power Wave Shape 


Discussion and authors’ closure of a paper 
by J. M. Barstow, P. W. Blye, and H. E. 
Kent published in the December 1935 issue 
pages 1307-15, and presented for oral dis- 
cussion at the communication session of the 
winter convention, New York, N. Y., January 
28, 1936. 


J. J. Smith (General Electric Co., Schenec- 
tady, N. Y.): The authors point out that 
the revised TIF weighting curve given in 
this paper includes the results of a large 
amount of additional work carried out on 
this problem since the publication of the 
paper by H. S. Osborne in 1919. The main 
differences in the weighting are at the lower 
and upper frequencies. The curve given by 
Osborne had a weighting factor of about 9 
for 60 cycles per second, and this was too 
high. The new curve has a weighting fac- 
tor of 1 for 60 cycles per second, which per- 
haps is nearer the true relative value of the 
interference effect at 60 cycles per second. 
The writer should like to inquire whether 
the value of 1 as adopted on the present 
curve correctly represents the interference 
effect at a frequency of 60 cycles per second, 
or whether this may still be high because 
it would be somewhat difficult to develop 
a network to give its true value, and practi- 
cal considerations do not require this. The 
other major change in the curve occurs in 
the region of from 1,500 to 3,000 cycles per 
second. Here the average value of the new 
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curve is approximately 3 times that of the 
old curve. The tests to derive the original 
curves in Osborne’s paper did not cover this 
region. It is now hoped that with the num- 
ber of data used in the revision of these 
curves, no future revisions will be neces- 
sary. 

The engineers associated with the manu- 
facturers of electrical apparatus have co- 
operated in obtaining a correlation between 
the TIF values based on the old and the new 
weighting curves. As the authors point 
out, a scale has been chosen to give reason- 
ably good correlation. This will make it 
easier to change from the old to the new 
weighting curves and the data obtained 
with the original TIF meter still will be of 
value. 

In connection with the tests on rectifier 
noises, it is not clear how the record of these 
noises was made. Were they taken from an 
open wire toll line as in the other cases, or 
were they made from an analysis of the rec- 
tifier wave shape? Did the influence corre- 
spond to the frequencies on the direct cur- 
rent or alternating current side? 

It is stated that the latest design of TIF 
measuring set operates along the same basic 
lines as the original TIF meter. The de- 
velopmental model the writer has been using 
for factory measurements uses a vacuum 
tube. This limits the measurements to 
those in which the ratios of 2 quantities are 
used so that the performance of the tube 
does not influence the measurements. At 
times this is inconvenient, and it is under- 
stood that the latest model does not contain 
tubes. The writer should like to suggest 
also that it might be desirable to give a dia- 
gram of the circuit of the new meter with 
the permissible tolerances for the various 
circuit constants similar to that given in 
Osborne’s original paper. 


J. M. Barstow, P. W. Blye, and H. E. Kent: — 


J. J. Smith’s first question has to do with 
the TIF weighting assigned to 60 cycles per 
second. The weighting of 1 assigned to this 
frequency is only roughly correct as an in- 
dication of the interfering effect of 60 cycles 
per second. Since the fundamental fre- 
quency component ordinarily is not impor- 
tant from the noise standpoint, the exact 
value of the weighting assigned to this fre- 
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quency was not considered important as 
long as it was sufficiently small to make the 
contribution of 60 cycles per second to the 
TIF negligible in the usual case. There 
appeared to be some merit to a round figure 
of unity for the TIF of a 60 cycle sine wave. 
Since this value was sufficiently low to meet 
the above requirement, it was adopted. 

The records of rectifier noise were ob- 
obtained from the voltage and current waves 
in the a-c supply circuit to a commercial 
rectifier system. The recording device was 
coupled to the power circuit in each case 
through a simple network that weighted the 
various harmonics present in proportion to 
frequency, and thus simulated coupling 
between a power circuit and a telephone 
circuit. The resulting recorded noises were, 
therefore, intended to represent those aris- 
ing by electric and magnetic induction in an 
exposed open wire toll circuit from har- 
monic voltages and currents, respectively, 
in the a-c supply circuit to a rectifier. 

Thus far, no consideration has been given 
to the preparation of manufacturing speci- 
fications covering a revised TIF meter, and 
it is not possible, therefore, to give a detailed 
circuit diagram with allowable tolerances 
for the various elements as requested by 
Smith. However, there is given in-figure 1 
of this discussion, a circuit diagram of the 
most recent experimental model, which 
operates along the same basic lines as the 
original TIF meter, and does not employ an 
auxiliary amplifier. 

In adopting the revised TIF weighting 
curve, the joint subcommittee on develop- 
ment and research of the Edison Electric — 
Institute and the Bell System has not to 
date recommended tolerances as to the de- 
parture of individual meters from the de- 
sired characteristic. It seems reasonable 
to believe, however, that individual instru- 
ments will give TIF readings within 10 per 
cent of the true value in the average case if — 
their networks are so designed that their 
weighting curves depart from the desired 
curve by not more than 10 per cent in the 
range from 400 to 1,800 cycles per second, 
and by not more than 20 per cent in the 
range below 400 cycles per second and be- 
tween 1,800 and 3,500 cycles per second. 
Above 3,500 cycles the chief requirement is 
that the individual curves do not exceed the 
desired curve. 


Fig. 1. Circuit diagram of experimental 


model of a revised TIF meter 
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‘A Cable Code 
Translator System 


Discussion and author's closure of a paper by 
A. F. Connery published in the November 
1935 issue, pages 1162-66, and presented for 
oral discussion at the communication session 
of the winter convention, New York, N. Y., 
January 28, 1936. 


H. H. Haglund (Western Union Telegraph 
Co., New York, N. Y.): A. F. Connery 
has produced a remarkable translator 
system, having at least one important 
advantage over older systems such as have 
been in use in both England and America 
for several years. 

In the older systems the frequency is only 
doubled, in going from 3 current to 2 cur- 
rent, but usually cable code circuits are so 
slow that increasing the frequency 3 times, 
as Connery does, has no detrimental effect 
upon the accuracy of transmission and it 
produces a signal that can be read by inter- 
mediate repeater stations. This obviously 
is an advantage of this system over the older 
ones in which the signals are unreadable 
without the use of rotary translators to con- 
vert the 2 current signals to the original 
cable code form. 

The likelihood of undetectable errors 
appearing in the new system, however, 
seems greater than in the older systems. 
The accuracy claim Connery makes for the 
3 current code is based largely upon the fact 
that deformation of signals, commonly 
called drop-outs and runs produce additional 
zero signals or spaces, which the receiving 
operator notices and corrects. A drop-out 
or run in this system might easily change a 
dash into a dot, which would pass unnoticed 
by the operator. In 2 current systems in 
which a dot is represented by 2 intervals of 
marking, dashes by 2 intervals of spacing, 
and spaces by one interval marking followed 
by one interval of spacing, drop-outs will 
produce spaces exactly as in the original 
code and runs will obliterate the spaces so 
that both types of transmission errors be- 
come apparent to the operator. 

Connery’s translating equipment seems 
much simpler than that employed in the 
older systems. This is, of course, a great 
advantage since apparatus costs are becom- 
ing of greater and greater importance. 
Business carried over cable circuits is high- 
class traffic, however, and apparatus costs 
must not be allowed to stand in the way of 
correct performance. The old equipment 
performs very well and the writer assumes 
this new apparatus does also. In writing 
of translator 23DW, however, Connery 
says, ‘‘The principal advantage is that a 
small misadjustment of the dot-dash ad- 
justing rheostat will not result in recording 
dots for dashes or vice versa.’’? This implies 
that translator 23R Y, which is the type used 
for repetition into the cable, may require 
critical adjustment. 


A. F. Connery: H. H. Haglund states in 
his discussion that undetectable errors 
may be more likely to occur in the new 
cable code translator system than in the 
older systems. In actual practice this con- 
dition has not been found. The translator 
is not required to be in synchronism with 
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the received 2 element signals; thus a pos- 
sible source of trouble is eliminated. In 
general, the landlines used in connection 
with cable circuits are worked well below 
their maximum speed, thus resulting in wide 
margin of apparatus adjustments. 

It has been found that the advantages of 
translator 23DW over the type 23RY are 
so very slight that only type 23RY transla- 
tors are being used now. The margin of 
adjustment of the dot-dash adjusting rheo- 
stat depends, of course, upon the variation 
in the 2 element signals. As stated before, 
the landlines are operated below their maxi- 
mum speed and the variation in the 2 ele- 
ment signals is small. 


The “Comet’’—A Diesel 
Electric Unit Train 


Discussion and author's closure of a paper by 
A. H. Candee published in the November 
1935 issue, pages 1240-45, and presented 
for oral discussion at the transportation session 
of the winter convention, New York, N. Y., 
January 30, 1936. 


R. L. Kimball (Federal Power Commission, 
Washington, D. C.): A. H. Candee’s 
paper and subsequent discussions have 
given a very clear picture of the adaptation 
of Diesel engine power to a high speed pas- 
senger train. This paper, and particularly 
P. A. McGee’s discussion, may have raised 
a question as to the future prospects of 
this form of electrical propulsion. 

Both the electric locomotive and Diesel 
powered equipment have a definite field in 
our transportation scheme. There are 3 
factors that make possible and desirable 
the operation of Diesel equipment. Where 
a reduction in train weight is possible, as 
in the high speed streamlined equipment 
described by Candee, it is possible to mount 
on the train a Diesel engine of sufficient 
horsepower capacity to obtain good opera- 
tion. This would not be feasible with the 
weights of existing standard passenger 
rolling stock. For switching locomotives 
the Diesel engine has a marked advantage 
over the steam locomotive because of the 
low speeds involved. The steam locomo- 
tive is unable to deliver its full horsepower 
at the rim of the driver at these low speeds. 
Although the rated horsepower of the 
Diesel engine may be considerably less, 
neglecting efficiency, practically the full 
output of the engine can be delivered to the 
driving wheels at all speeds by means of 
electrical transmission. In this way, al- 
though the horsepower rating is consider- 
ably less, the performance of the Diesel 
powered switching locomotive is superior 
to that of the steam locomotive used for 
comparable service. In some cases it is 
desirable to eliminate all steam maintenance 
facilities. This is especially true on light 
traffic branch lines. The Diesel powered 
equipment makes this possible in a number 
of cases. 

Where the volume of traffic is sufficiently 
heavy, the demonstrated savings resulting 
from electric operation are sufficient to pay 
for the added investmeiit and maintenance 
of the overhead distribution system. In 
such cases the investment in Diesel generat- 


ing equipment on mobile units would be 
extremely heavy. This type of operation 
is distinctly in the field of the electric 
locomotive. At the same time the Diesel 
equipment is an extremely valuable adjunct. 
By means of its use it is possible to avoid the 
expense involved in stringing wire over light 
traffic branch feeder lines and infrequently 
used switching and industrial tracks. 
Without the use of the Diesel equipment 
some steam operation would have to be 
retained or the cost of the electrification 
would be disproportionately increased. 

The writer believes, therefore, that Diesel 
equipment and the electric locomotive are 
allies rather than competitors, and that their 
combined use will result in more efficient 
operation. 


P. A. McGee (Reading Co., Philadelphia, 
Pa.): A. H. Candee’s paper is, the writer 
believes, the first presented in this country 
to explain the exact application of a light 
weight train unit to a particular service, 
and it should be found very useful both to 
railroad engineers and operators. 

The first light weight trains having 
internal combustion power plants sacrificed 
the inherent operating economies possible 
with reversible movement in order to 
simplify the design with one direction 
trains. The New Haven ‘‘Comet’’ with 
control at both ends and reversible move- 
ment marks a decided advancement in the 
design of such trains. The double power 
plant also will be much favored by many 
railroad engineers, especially on long runs 
between terminals. These advantages, of 
course, must add somewhat to the first cost 
of the equipment. 

One of the most interesting features of the 
“Comet” is the drive at both ends of the 
train. Opinion is quite divided on the 
desirable and permissible drive distribution. 
Where the motive power is supplied by 
separate locomotive units, it is naturally 
placed at the head end for normal movement. 
With electric multiple unit trains the lead- 
ing coach or even the first two or 3 coaches 
may contain no motive power, and such 
trains operate satisfactorily at speeds up to 
70 miles per hour. The motive power and 
drive are carried on the leading trucks of 
the Burlington and Union Pacific trains. 
In the case of the Gulf, Mobile, and 
Northern power unit the power plant is 
carried on the leading truck with the drive 
on the second truck. In Europe the much 
discussed ‘Flying Hamburger’? has its 
drive on the center truck of the articulated 
2 car train. If all these drive-distributions 
prove satisfactory, there should be little 
restriction in the arrangement of train 
power plants and drives. This freedom 
should decidedly favor a distributed drive 
on many of the axles with both Diesel- 
electric and straight electric power. 

Another feature of the ‘““Comet”’ that must 
impress the motive power departments of 
our railroads is the large amount of power 
required for auxiliary purposes on such a 
small train. The necessary power for 
auxiliaries must be supplied through the 
tractive power of locomotives where axle 
driven generators are employed, through 
head end power plants where Diesel-elec- 
tric train units are employed, or possibly 
direct from the contact lines where electric 
motive power is employed. The additional 
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weight and power required in each of these 
cases may be of small importance at low 
train speeds, but it becomes of great im- 
portance at high speeds, for any resistance 
caused by additional weight increases the 
required motive power directly in propor- 
tion to an increase in speed. This holds on 
both level and grade. : 

Candee employs Davis’s tractive resist- 
ance formula with an arbitrary assumption 
of reduced air resistance coefficient and an 
arbitrary assumption regarding the train 
makeup. The writer believes the resist- 
ance values thus developed for the “Comet” 
will be found to be fairly accurate. Using 
Davis’s values for journal and flange re- 
sistance, the writer found a simple method 
for computing the total resistance of any 
given train, which gives a total resistance 
of 2,350 pounds on level track for the 
“Comet” weighing 272,000 pounds at 90 
miles per hour as compared with Candee’s 
value of 2,500 pounds at the same speed. 

Now that the ‘“‘Comet”’ is in regular opera- 
tion it should be a simple matter to check 
the resistance values at various speeds and 
the writer would like to ask Candee whether 
such checks have been made, and if so, 
what the results have shown. 

One of the greatest vaiues of a paper such 
as Candee’s is the opportunity it offers for 
comparing the performance of the motive 
power considered with other possible types 
of power, and in this connection the author 
is to be congratulated on the accurate com- 
parison he gives for the various types of 
trains. 

The light weight small, articulated cars 
employed on the ‘‘Comet” and similar trains 
with Diesel-electric motive power could be 
employed with other types of power, and it 
is interesting to note the power require- 
ments and total train weight if either steam 
or straight electric motive power were 
employed. In any such comparison it is 
always difficult to appraise properly the 
accelerating characteristics of a given equip- 
ment unless the average distance between 
stops is relatively short. Ona through run, 
such as the ‘‘Comet’s’”’ run between Boston 
and Providence, it would always be possible 
with excessive speed on the down grade 
sections to make up time that might be 
lost during accelerating, and on the up 
grades. This procedure is quite common on 
many roads. For this reason, emphasis is 
laid on the maximum speed at which a train 
may be run, regardless of where or how this 
speed is obtained, and it is generally ob- 
tained on a down grade where the actual 
amount of motive power has little effect on 
the speed. This procedure has certain 
economic advantages from the point of 
view of motive power assignment to a 
given train, but operators are becoming 
interested in maximum schedules with a 
given maximum speed and the writer pro- 
poses to show just how high accelerating 
rates up to high speeds and availability of 
large amounts of power on a grade can favor- 
ably affect a schedule on a profile such as 
between Boston and Providence. 

Table I of this discussion explains the 
basis for such an analysis with trains com- 
parable to the “Comet” and employing 
Diesel-electric, steam and distributed elec- 
tric motive power. The net available train 
length of the ‘‘Comet” is 160 feet and, ex- 
cluding equipment it weighs approximately 
725 pounds per foot. Particulars of. the 
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Diesel-electric train are taken from Candee’s 
paper. For the steam power, a locomotive 
of about 600 horse power at the driving 
wheels would have a free running speed of 
90 miles per hour on level track with a 160 
foot train having the same weight per foot, 
excluding equipment, as the ‘‘Comet.” 
Such a steam locomotive with tender would 
weigh about 200,000 pounds and have an 
over-all length of about 50 feet. The 
electric train with motors having 456 horse 
power output would have a free running 


Table I—Comparative Data of the ‘‘Comet” 
and Equivalent Steam and Electric Trains 


— 


“Comet” Steam Electric 
Weight of train per 
foot excluding equip- 
ment, pounds........ 725... 725. 725 
Net available length, 
feet use corr ke 160. . 160.. 160 
Total length including 
motive power, feet... 207... 210.. 160 


Approximate weight of 
motive power equip- 


MENE Ge ee is Pe ee 100,000. .200,000.. 30,000 
Weight of load, pounds. 22,000.. 22,000.. 22,000 
Total train weight with 

load, pounds......... 272,000. .335,000. . 164,000 
Total train weight, 

CONS eran, -rlcveeenaren toes 136.. 167.5 82 
Tractive resistance, 

level track at 90 

miles per hour, 

POUNS thereat 2850 snes. 2,900 
Horsepower at drive 

wheels, level track 

at 90 miles per hour.. 565... 609... 456 


speed of 90 miles per hour on level track 
with a 160 foot train. The motor equip- 
ment would weigh not over 30,000 pounds. 

Table I of this discussion indicates that if 
locomotive designers were interested in small 
output steam locomotives the extra weight 
over small Diesel-electric trains is not 
excessive, and that the wonderful weight 
efficiency resulting in light weight Diesel- 
electric trains is caused by the light coaches 
rather than the Diesel-electric power. The 
small Diesel-electric equipped trains have 
many advantages over steam trains, and 
these advantages may be attributed to the 
flexibility of the electric drive. 

The possible reversibility of the Diesel- 
electric drive as developed for the ‘‘Comet,”’ 
and the lack of engine house requirements 
with the Diesel-electric power plant, to- 
gether with its fuel efficiency and lack of 
disagreeable exhaust, are quite important 
factors in its adaptability and economy in 
such a service as the run between Boston 
and Providence. Diesel-electric power has 
also a slight accelerating advantage over 
steam for light weight trains such as the 
“Comet,” as shown later in this discussion, 
although it is doubtful that such advan- 
tages would result with large trains. 

To exploit fully the advantages of light 
weight equipment it is necessary to employ 
a direct electric drive supplied with power 
from a contact line. As shown in the third 
column of table I of this discussion, a light 
weight train with the same available length 
as the “Comet”? would weigh only 82 tons 
(loaded) against the Diesel-electric train 
weighing 136 tons, and a comparable steam 
train weighing 167.5 tons. The possible 
economy in first cost of such an electric 


train over the Diesel-electric train is con- 
siderable, and its operating cost over both 
Diesel-electric and steam is also very con- 
siderable, provided the traffic density could 
justify the cost of the electric distribution 
system. An 82 ton electric train as shown 
in table I of this discussion, should take 
not more than 4 kilowatt hours per train 
mile, excluding heating, on a 44 minute run 
between Boston and Providence. With 
power at 0.075 cents per kilowatt-hour, the 
power cost would not exceed 3 cents per 
mile. Candee gives a fuel cost for the 
Diesel-electric ‘““Comet” of 3.4 cents per 
mile, and when the cost of lubricating oil is — 
added for the Diesel-electric plant it will 
be seen even for the item of power cost, 
where the diesel power plant normally 
excels, that light weight direct electric 
drive is the most economical. 

The most important factor, however, 
with the operation of these high speed 
trains is, as already indicated, the relation 
between their maximum and _ schedule 
speeds. In the profile shown in figure 4 of 
the paper there is an equivalent grade of 
about 0.6 per cent for a distance of 6 miles 
on the run between Boston and Providence. 
Should the 3 trains as outlined in table I 
of this discussion start from the bottom 
of this grade they would accelerate and 
complete their runs to the summit of the 
grade in a manner shown in figure 1 of 
this discussion. The ‘‘Comet’’ would take 
423 seconds, the equivalent steam train 
would take 456 seconds, and the electric — 
train would take 345 seconds. The ‘‘Comet” — 
would attain a speed of 64 miles per | 
hour, the steam train a speed of 59 ~ 
miles per hour, and the electric train a 
speed of 75 miles per hour in 180 seconds. 
Should all 3 trains conform to the time 
limitations near Boston and Providence, 
which occupies 14 minutes, make a second 
stop at the base of the 0.6 per cent grade, 
and accelerate as shown in figure 1 of this 
discussion, the average speed required be- 
tween the summit and Boston switch with a 
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44 minute run between Boston and Provi- 
dence, would be approximately 113 miles 
per hour with the “Comet,” 125 miles per 
hour with the steam train and 93 miles 
per hour with the electric train. With 
normal operation, a start is not made on 
the 0.6 per cent grade, and Candee’s 
figure 10 shows a maximum speed of 90 
miles per hour on the down grade with the 
“Comet.” Under corresponding speed re- 
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strictions, the electric train should not ex- 
seed 85 miles per hour on the down grade, 
although it would be necessary to exceed 
95 miles per hour with the steam train con- 
sidered to accomplish the run ‘in 44 minutes. 
Any release in the speed and time limitations 
near Boston and Providence would, of 
course, cause a corresponding reduction 
in the maximum speed required to meet the 
schedule. 

It should be recognized that considerable 
work remains to be done in studying the ap- 
plication and operation of high speed trains 
and our thanks are due to Candee for his 
very interesting and instructive paper on the 
subject. 


A. H. Candee: The writer agrees with 
R. L. Kimball that both electrification and 
Dieselization have a field in railroad trans- 
portation, and would also like to advance 
the idea that neither of these is competitive 
with steam power (from a cost standpoint) 
in some types of service. The ultimate use 
of all 3 of these systems may be anticipated, 
the selection of motive power type being 
made on the basis of economies or by local 
conditions which force the use of a particular 
method. 

P. A. McGee has asked whether the train 
resistance values have been checked in 
actual road service on the ‘“‘Comet.’’ This 
has not been done, because of the cost of 
such tests. Unless such tests are made 
carefully, they may be of little value, or 
may even be misleading. It may be pointed 
out, however, that the ease with which the 
“‘Comet”’ schedule is being maintained indi- 
cates that the train resistance values as 
used in the calculations are high. 

The author agrees with McGee that by 
electrification it is possible to exploit fully 
the advantages of light weight rolling stock. 
In the service to which the ‘‘Comet’’ has 
been applied, however, electrification is out 
of the question. 


Sliding Contacts — 
Electrical Characteristics 


Discussion and author’s closure of a paper 
by R. M. Baker published in the January 
1936 issue, pages 94~100, and presented 
for oral discussion at the synchronous ma- 
chines session of the winter convention, 
New York, N. Y., January 29, 1936. 


T. T. Hambleton (General Electric Co., 
Schenectady, N. Y.): It should be of inter- 
est to cite some previous experience in con- 
nection with the influence of film on the 
collection of current through sliding con- 
tacts. 

One notable case occurred in Norway in 
1930. Four large 25-cycle 10,000-ampere 
580-volt converters were installed in an 
electrolytic zinc refining plant on the west 
coast. The humidity approached 100 per 
cent at night and ran from 70 to 80 per cent 
during the day. There were frequent pe- 
riods of rain or fog during which 100 per 
cent saturation existed. 

Approximately 30 tons of free oxygen was 
released each 24 hours in the cell house ad- 
jacent to the converter station. This gas 
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carried with it a fine spray or fog of the 
electrolyte containing free sulphuric acid 
and zinc sulphate. There was evidence 
that the station ventilating air carried in a 
portion of this free oxygen and acid fog. 

The formation of film on the sliding con- 
tact surfaces was very rapid and heavy but 
did not occur elsewhere on exposed copper. 
It was assumed that the electrical energy 
released at the sliding contacts activated 
the chemical reactions in this favorable at- 
mosphere. The growth of the film, start- 
ing with a clean surface, was indicated by 
the usual procession of light interference 
colors during the pericd while: the film 
thickness was of the order of magnitude of 
wave lengths of light. Beyond this point 
the color was blue-black and the thickness 
several mils. 

A test was made by passing direct current 
from the film through a drop of distilled 
water to a carbon pencil. This completely 
removed the film and deposited metallic 
copper on the carbon. The progressive re- 
duction of film thickness was indicated by 
the usual light interference colors. Since 
there was no noticeable inactive residue it 
was concluded that the film was largely if 
not entirely a copper compound (probably 
copper hydrate). 

The contact resistance of the film was 
measured by short-circuiting an ordinary 
dry cell through an ammeter and carbon 
pencil ground down to a flat end area 1/s 
inch square. The short-circuit curreut de- 
termined on freshly cleaned copper and on 
the film indicated an additional resistance in 
the film and contact of 1/19 ohm for this 1/3 
inch square area. 

The performance of the converters was 
as follows: Some sparking occurred during 
the early stages of filming but perfect com- 
mutation was obtained when the film be- 
came uniform. Instability appeared in the 
heavy film in that small areas burned off, re- 
sulting in low contact resistance and over- 
loading of the brushes contacting these 
areas. This burning spread the areas until 
severe sparking required the commutator to 
be cleaned completely. The cycle then re- 
peated. 

A special grade of graphetized carbon 
brush was secured which produced very 
much less film. Stable film and successful 
commutation has continued to the present 


converters. In these instances a relative 
humidity of less than 15 per cent in sub- 
zero weather has been accompanied by a 
several hundredfold increase in rate of 
brush wear particularly in heavy metallized 
brushes. The practice of humidifying the 
air at such times has completely eliminated 
excess brush wear. 

This paper is to be commended, and fur- 
ther investigation and study of this subject 
is urged. 


R. E. Hellmund (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): In this 
paper the author has presented a wealth of 
evidence to the effect that the formation of 
oxide films and the spreading resistances in 
the brush are probably the principal factors 
in the mechanism of sliding contacts and in 
the explanation of their behavior. At any 
rate, he has left scarcely any doubt that the 
oxide film is an important factor with the 
materials commonly used in practice. He 
has also explained how this semi-insulating 
oxide film breaks down at certain points 
when the current is changed from very 
small to large values. He assumes that 
after the breakdown metal bridges extend- 
ing through the punctures in the film es- 
tablish contact between the rings and the 
carbon surfaces. In other words, his con- 
ception must be somewhat as shown at a in 
figure 1 of this discussion. 

In so far as Baker himself has demon- 
strated in some of kis unpublished work that 
there is a definite elasticity in the sliding 
surfaces of the brushes, I prefer to picture 
the mechanism of establishing contact be- 
tween the brushes and the rings as shown at 
b in figure 1, in which it is assumed that be- 
cause of the elasticity in the carbon, certain 
crystals reach through the puncture and 
make contact with the ring, as shown at c, 
or, that in some cases such contact may be 
established by loose particles of carbon such 
as shown at d. It may be that the holes in 
the film after leaving the brush and before 
returning to the same or reaching some other 
brush may reoxidize, but even if this should 
be so, the new film in the opening will un- 
doubtedly be much thinner than the rest of 
the film, as indicated at e. Therefore, the 
very thin film at such points as e will natu- 
rally break down again as soon as new con- 


Fig. 1. 


time. The same difficulty occurred on the 
slip-rings and was overcome by selecting a 
suitable grade of brush. 

The lubricating effect of an adsorbed 
film of water has also been demonstrated in 
a large number of instances in connection 
with the slip-rings of large synchronous 
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Illustration of methods of transfer of current between slip-rings and brush 


tact is made with a current-carrying car- 
bon. (In the figure the thickness of the 
oxide film has been greatly exaggerated in 
order to illustrate more clearly the principles 
discussed.) 

I favor the theory indicated at b because 
it more readily fits in with the observations 
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made by L. R. Ludwig and myself and 
covered in our paper ‘Sparking under the 
Brushes of Commutator Machines” (ELEC. 
EncG., March 1935, p. 315-21). With the 
assumption of small carbon bridges carrying 
the current, it can be readily seen that if but 
few such bridges exist and the current 1s 
suddenly raised, there will be an appreciable 
voltage across the bridges and great energy 
concentrated in them before any new break- 
downs and bridges can be formed. This 
theory naturally suggests the possibility 
that under such conditions some of the 
carbon bridges become incandescent and 
burn, thus leading to the sparking that we 
have observed with very sudden increases of 
current densities in the brush contacts. 


M. S. May (Speer Carbon Co., St. Mary’s, 
Pa.): The author has brought out very 
interesting facts in a discussion which has 
been principally from the experimental and 
theoretical point of view. His conclusions 
are verified by observations made in actual 
operation, and some outstanding examples 
may be of interest. 

He emphasizes the fact that contact drop 
changes with load variations as a result of 
the breaking down of the oxide coating. It 
is well known that the friction on large 
machines and its resulting noise similarily 
change quickly with any change in load. 
The reduction in friction with increased 
load can probably be explained by Baker’s 


theory regarding the destruction of the ox- ° 


ide coating. A 1,000 kw generator being 
tested by the manufacturer was run at very 
light load to wear in the brushes. A chat- 
tering was set up which resulted in pitting 
of the commutator when normal load was 
later put on the machine. The commutator 
was, therefore, sanded and the brushes run 
again at full load, no trouble being encoun- 
tered. The explanation would seem to be 
that running in at iight load formed too 
heavy an oxide film resulting in high friction 
and brush vibration. Running in at normal 
load seemingly prevented the formation of 
excessive coating. 

I have been told that silver oxide has es- 
sentially the same electrical conductivity as 
silver itself. Might this not be the reason 
for the straight line drop curve which the 
author obtained with a silver ring? 


R.M. Baker: The discussion by R. E. Hell- 
mund as to the process by which the oxide 
film in a contact is broken down by the 
passage of current is quite appropriate, for 
this is a point of prime importance, and one 
which to date is only slightly understood. 
The writer feels that an understanding of 
this point would go far in explaining why 
the contact drop is usually greater at one 
polarity than at the other and many of the 
other commonly observed polarity effects 
in sliding contacts. 

One is forced to the conclusion that the 
reduction in contact resistance at the higher 
currents must be caused by some more per- 
manent change in the oxide film than merely 
the change in resistivity of the oxide with 
temperature, for if the contact resistance is 
lowered by the passage of heavy current, the 
contact regains its high resistance operating 
at a low current only after operation for 
several hours at the lower current. This is 
more time than is necessary for the equali- 
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zation of the average temperature of the 
ring and is infinitely more time than would 
be required for the temperature equaliza- 
tion of the small areas of the film which are 
active each revolution in carrying current. 
The suggestion that the oxide film is broken 
down by the building of metal bridges 
through the oxide was given in this paper 
because it has been rather definitely estab- 
lished by other investigators that this is 
the explanation of the coherer effect or the 
breakdown in low pressure stationary metal- 
to-metal contacts. The type of breakdown 
suggested by Hellmund very probably plays 
an important part in the performance of a 
sliding contact, for here the surface of the 
ring or commutator is being continuously 
abraded by the brushes. It is believed that 
this effect accounts almost entirely for the 
change in resistance of the small contact 
operating in comparatively oxygen-free at- 
mospheres as described in this paper, for 
the purity of the gases used was not good 
enough alone to effect a reduction of the 
oxide. 

As M. S. May explains, there is a tend- 
ency for the friction of a sliding contact 
to build up to a high enough value at light 
loads to cause the brushes to chatter, 
whereas the same brushes operate quite 
satisfactorily at fullload. This is undoubt- 
edly due to the change in the nature of the 
contacting surfaces, which are in turn af- 
fected by the amount of current flowing 
through the contact. It may be that this 
change results from the change in rate of 
brush wear with current, or as May sug- 
gests, by the breaking down of the oxide 
film. The effect cannot be accounted for 
entirely by changes in the oxide film, how- 
ever, for the writer has observed a similar 
effect with carbon brushes operating on 
carbon rings, in which case no oxide film 
exists. 

It is often heard that the reason silver 
makes such a good contact material is be- 
cause silver oxide is conducting. Practi- 
cally all of the oxides are semiconductors 
having many times the resistivity of the 
metals, and as far as the writer knows, silver 
oxide is no exception. The rate of oxida- 
tion of silver, however, is low, and when 
formed the oxide is easily removed from the 
metal surface by abrasion. This probably 
accounts for the low contact drop observed 
when a carbon brush is operated on a silver 
ring. Silver is also peculiar among the 
metals in that its oxide is unstable in air at 
a temperature of about 150 degrees centi- 
grade, so that if a stationary contact made 
from silver should tend to build up a high 
contact resistance through oxidation, the 
temperature of the contact would not go 
very high before the oxide in the contact 
would start to dissociate at the current- 
carrying areas, and the contact resistance 
would be lowered. The straight line volt- 
ampere characteristic exhibited in this 
paper was obtained, as explained, only 
after the small silver slip-ring had been 
heated with a gas flame, although the con- 
tact drop on this ring even at room tempera- 
ture was only about a quarter of that of the 
nickel ring. 

The observation of T. T. Hambleton on 
the case of abnormal film formation are 
most interesting. This is a field trouble 
often occurring around chemical plants and 
other places where pollution of the atmos- 
phere causes the formation of excessively 


thick films on the rings and commutators of 
electrical machines. The only solution to 
this trouble seems to be, as Hambleton in- 
dicates, applying a grade of brush with suffi- 
cient cleaning action to prevent the film 
from building up. 

Rapid wear of metallized graphite 
brushes, when the moisture content of the 
air becomes low, is something which ap- 
parently was not appreciated until within 
the last 5 years. There is also ever-increas- 
ing evidence that similar trouble is en- 
countered with carbon or graphite brushes 
during extreme cold spells, and this prob- 
lem will undoubtedly receive more atten- 
tion in the future. 


The ““Biway” System of 
Electric Platforms 
for Mass Transit 


Discussion and author's closure of a paper by 
Norman W. Storer published in the December 
1935 issue, pages 1340-47, and presented 
for oral discussion at the transportation session 
of the winter convention, New York, N. Y., 
January 30, 1936. 


R. F. Kelker, Jr. (nonmember; consulting 
engineer, Chicago, Ill.): The writer wishes 
to call attention to one particular phase of 
this proposal in which he is personally 
interested, and that is the transportation 
phase. The mechanical and electrical parts 
of the device are clear. 

From the transportation point of view, 
the paper considers a problem that is con- 
stantly changing, and needs new devices and 
methods to give the service required by the 
people in major metropolitan areas. The 
author proposes to operate a device that 
would carry 60,000 or more people an hour 
for short distances, conveniently, without 
apparent jostling, and at a reasonable 
speed. 

Such a device, of course, warrants the 
close and thorough analytical attention of 
all engineers interested in transportation. 
Storer has covered nearly every phase of the 
problem in his paper. 

The usual method of handling peak loads 
has been to increase traffic or transportation 
units in peaks, and then make reductions 
for off-peak conditions. Here is a proposi- 
tion of operating at ‘full steam” at all times, 
but the vast difference is that, as compared 
with street car operation, the tracks are 
kept in place, there are additional cars in 
the car barns, and additional men must be 
found to meet the peaks. 

The “biway” would run practically at a 
constant speed throughout the period of 
operation. If the load changes, the only 
difference is in power consumption. Now 
the point arises whether power cost in the 
off-peak periods will be less than the ad- 
ditional expense of meeting the demand for 
peak loading in ordinary forms of transporta- 
tion. 

Apparently it will, and it will bea novelty 
to the American riding public not to ex- 
perience the unsatisfactory loading con- 
ditions in off-peak periods, because all 
street railway properties are operated on the 
idea that if they can get enough traffic in 
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off-peak periods, such traffic will help to 
meet the cost of the peak periods. 

In fact, in the last several years the 
diminution in business in the off-peak 
periods has presented a financial difficulty 
in operation. 

Referring to seating capacity of the “‘bi- 
way,” the ratio of 50 standees to 100 people 
seated would be unknown in America. 
American subways carry about 400 stand- 
ing for 100 people seated. In street cars 
the ratio is about unity. 

Here is a proposal for a transportation 
device in which the number of people 
seated would be more than twice the 
probable number of people standing, and 
that is something to strive for, particularly 
where there are heavy traffic movements in 
short periods of time. 

In congested centers, where the use of the 
properties are intensive, obviously a scheme 
of this kind or such a device is adaptable. 
The job, of course, because of its great 
capacity, is to find a place in which there is 
enough business to require its use. 

From the transportation point of view, it 
is a giant. Now where is the giant’s job? 
Storer has suggested a location in New 
York. Unquestionably it is a good sug- 
gestion. The inadequacy of service in that 
city has been demonstrated a number of 
times, but the chief difficulty has been in 
finding an operating unit of sufficient safety 
to justify even considering it as a daily 
operating function. 

Now if Chicago had had a scheme like 
this in operation during the recent world’s 
fair, that is a biway with a loop at 
Monroe Street in Grant Park, to carry the 
traffic to and from the fair grounds, with a 
distribution throughout the grounds, and 
at the same time had had another loop 
south of the fair grounds, a far better class 
of transportation could have been provided. 

The substitution of continuous service 
for intermittent service is the chief factor. 
Here is a reliability that is not dependent 
upon traffic conditions or upon the operator 
of a car or bus. 

The use of gates alongside the slow moving 
platform has been discussed by the author. 
The gates might be difficult to handle, but 
when the slow speed and the slight possi- 
bility of being dragged are considered, the 
difficulty is somewhat diminished. Street 
cars were operated without doors until 
doors were found to be necessary. The 
same situation would develop in the use of 
the biway. 

The writer is pleased to have the chance to 
say to electrical engineers that they have 
developed something in the transportation 
and the civil line that looks good, something 
that will stand analysis from the electrical 
point of view, and something that is needed 
in metropolitan areas. The engineer’s job 
is to analyze and find a place to put a thing, 
and then develop it. That is the job that 
Storer has placed before engineers. It is a 
unique situation in which you have a 
transportation unit developed in the ab- 
stract. Usually engineers are given a 
problem, and they solve the problem in the 
ordinary technical way, in concrete form; 
but here is something in the abstract. The 
writer is very glad to have an opportunity 
to say that from every point of view with 
which he is acquainted, Storer has an idea 
that is usable, and there are places in which 
it can be used successfully. 
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P. M. Lincoln (Cornell University, Ithaca, 
N. Y.): The writer has been much interested 
in this suggestion, this dream of Storer’s; 
however, there are some questions to be 
asked. One thing Storer mentioned is the 
cost. Of course, cost is important in any 
engineering undertaking; both fixed charges 
and operating cost areimportant. Although 
Storer does not set a fixed charge rate defi- 
nitely, he does suggest the size of the 
annual charges at 6 per cent interest. 

If an enterprise of this kind were carried 
out by a private concern, 6 per cent would 
not be sufficient to apply to the first cost 
in order to get the fixed charges. If the 
writer were asked for his opinion on this 
matter as a consulting engineer, he would 
use at least double that figure. Of course, 
if such a project were to be carried on by a 
municipality, the item of taxes presumably 
would be absent; at least, it would be ab- 
sent on the surface. Somebody would pay 
them, but they would not be applied to 
that particular project; therefore, the 
writer questions that particular figure. 
The writer doubts that Storer suggested that 
figure as the proper fixed charge rate to 
apply to the first cost. 

There is one other point that should be 
discussed and that is the matter of possible 
accidents in transferring from the stationary 
platform to the local platform, and from the 
local platform to the high speed platform. 
There is plenty of precedent to indicate that 
it is perfectly safe for a passenger to trans- 
fer between a stationary platform and a 
moving platform at a speed of 3 miles per 
hour, and between 2 platforms running at a 
relative difference in speed of 3 miles per 
hour. There is plenty of precedent in 
Chicago, in Paris, and in other places that 
indicates it can be done in perfect safety. 

At certain periods of the cycle, the relative 
speed of the local passenger platform and of 
the high speed platform passing the local 
platform would be very much in excess of 
this 3 miles per hour, which has been demon- 
strated to be a safe speed. What are the 
means of protecting the passenger when 
transferring from a stationary platform to a 
platform running at a speed much higher 
than 3 miles per hour, and from the local 
platform to the high speed platform run- 
ning at a speed of from 14 to 17 miles per 
hour? 

Just what means can be taken to protect 
the passengers is not clearly pointed out in 
the paper. The writer believes that a 
considerable item of expense in the opera- 
tion of any transportation system is the 
suits brought by those who have suffered 
accidents, or those that claim to have suf- 
fered accidents. 

Just how the avoidance of accidents 
during transfer is to be accomplished in this 
scheme is not entirely clear. Possibly the 
author can give a little more concrete idea 
as to how that can be accomplished. 


Alfred Brahdy (nonmember, Board of 
Trnasportation, New York, N. Y.): After 
the thorough manner in which N. W. Storer 
has described the proposed ‘‘biway”’ system 
of transportation there is little to be added 
by the writer, whose field is the planning of 
the conventional type of urban mass trans- 
portation systems. The writer’s problem 
has been the provision for rush hour traffic 
at a cost for structure and equipment that 
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does not involve too great an expense above 
that necessary for the normal traffic re- 
quirements. 

The transportation engineer now is of- 
fered an embarrassment of riches in Storer’s 
biway system, for maximum capacity is 
available at all times, and the problem 
resolves itself into a consideration of whether 
this maximum capacity can be used during 
the off-peak traffic periods without impair- 
ing the project financially. 

The biway system is estimated to provide 
60,000 seats per hour in one direction, and 
there is no doubt that such capacity provides 
ideal facilities. The Eighth Avenue Sub- 
way of the Independent System, which has 
been in operation in New York since 
September 1932, is designed in structure 
and equipment on a basis of operating 10 
car trains on a headway of 90 seconds, or 
at the rate of 40 trains per hour during the 
peak traffic period. The maximum number 
of seats past any point is 23,000 per hour, 
less than 1/; the estimated capacity of the 
biway. The total passenger capacity, 
seated and standing, on this subway is 
90,000 per track per hour. It is expected 
ultimately to operate 11 car trains, which 
will increase the capacity, the stations and 
signal system having been designed to 
permit trains of that length. 

The biway system has a tremendous pas- 
senger capacity, as Storer has pointed out, 
and its greatest field of usefulness is in the 
congested sections of the city, where there 
is heavy traffic for short distances. 

In advocating any departure from the ac- 
cepted methods of transportation, the engi- 
neers in public service are faced with great 
difficulties, because, contrary to popular 
belief, they have only limited funds at 
their disposal. In fact, it is generally diffi- 
cult to get even small sums for research or 
Administrative officials re- 
sponsible to the taxpayers for the economical 
expenditure of public funds are very hard to 
influence favorably in a proposal to use 
public money for the development of new 
types of facilities, even if these facilities 
promise to solve a difficult problem. 

It took years of agitation to educate the 
public and its officials to the necessity of 
placing the mass transportation facilites of 
large cities underground where they would 
be free to move without interference from 
other street surface traffic. The arguments 
advanced against this type of transporta- 
tion at one time by such organizations as 
chambers of commerce and merchants’ as- 
sociations, and even by engineers, show how 
difficult it is to change an established cus- 
tom. This is an unfortunate situation and 
it is one that must be faced and overcome 
in advocating any new method of transpor- 
tation, or anything else that is new, where 
action by governmental bodies is required. 

Years ago cable cars operated across the 
Brooklyn Bridge to carry passengers from 
Manhattan to Brooklyn, where they trans- 
ferred to elevated trains taking them to their 
ultimate destinations, and the operation of 
these cable cars demonstrated the adapta- 
bility of passengers to the mode of transpor- 
tation. Traffic was so heavy that a train 
of cable cars would pull in at the station 
platform, people would board the cars, and 
a gong would sound for the trains to start 
without allowing time for closing the gates. 
The passengers were so accustomed to this 
that as soon as the gong sounded those 
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on the platform would step back, and the 
train would pull out. Although the writer 
does not know what the accident record 
was, it is known that the passengers who 
boarded those trains were accustomed to 
that method of operation. The regular 
passenger on any transportation system 
soon would become adjusted to any method 
in use. Difficulties will be experienced 
with the occasional traveler, with the 
traveler who happens to have an infirmity, 
and with habitually reckless persons. 


L. W. Chubb (Westinghouse Elec. and Mfg. 
Co., East Pittsburgh, Pa.): There has been 
a good deal of discussion about the safety 
of the “biway.’’ Safety must be judged, 
and is judged by experiences and habits. 
People become accustomed to certain things 
that are real accident hazards. For years, 
doorknobs have been placed near the edge 
of the door where fingers easily can be caught 
and smashed. Everybody became ac- 
customed to this and very infrequently 
pinched his fingers. Most people became 
accustomed to the old open streetcars 
with the running boards. 

The public is used to the present subway 
station arrangement with a high platform 
and a congestion at stations. There is real 
danger of being pushed off the edge of the 
platform by such a crowd, and the resulting 
fall would be serious because of the velocity 
gained, the impact, and the danger of being 
run over. With the biway, this hazard is 
reduced greatly because the platforms are 
at the same elevation, the speeds are rela- 
tively low, and the chance of being pushed by 
crowds is practically eliminated, because of 
the elimination of stations and concentrated 
points of entry. 

The 2 platforms are at the same level, the 


relative motions are slow, and a person cross- ° 


ing the barrier before the platform comes to 
rest has much less chance of injury than one 
going through a revolving door, in which 
agility and movements must be governed 
by the sudden changes in speed by the 
preceding person. 

Since the platforms are level, it also seems 
better to omit the gates and thus avoid any 
bumping or catching of clothing and the 
risk of any lesser injury that may result 
from a simple fall. The writer would like 
to ask the author whether he feels that the 
gates are necessary between 2 platforms 
moving relative to each other. 


L. A. Phillips (consulting engineer, New 
York, N. Y.): As one of the operators of 
the 1900 Paris Exposition moving platforms, 
the writer feels that he can answer several 
questions brought out in this discussion. The 
Paris platforms operated at constant speeds 
of 3 and 6 miles per hour about 14 hours per 
day, and carried as many as 50,000 people 
at peak loads. The total length was about 
11,000 feet. The platforms were driven by 
120 series-wound double-reduction hori- 
zontally-mounted spring-suspended motors, 
with an adhesion drive against the bottom 
of the I-beam mounted on the bottom of 
the platform, thus permitting lowering of the 
motor unit without interfering with the 
platform operation. 

N. W. Storer mentions as an objection to 
the adoption of Putnam’s platforms ‘‘the 
necessity for passengers to step from one 
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moving platform to another moving at a 
speed of 3 miles per hour above or below its 
own speed. There undoubtedly would be 
many people unable or unwilling to do this, 
which would be a great handicap to the 
system. It would be equivalent to a moving 
stairway running at 3 times its usual speed.”’ 
In fact, all users of the Paris platforms, over 
7,000,000 of them, did this very thing, twice 
in getting on, and twice in getting off, and 
there was not a single serious accident during 
the entire period of operation, from May 
to November. 

The writer would like to call attention 
to the fact that the limiting factor in load- 
ing at stations was the turnstiles, which 
were the ‘‘bottle neck’’ of the system, for as 
fast as passengers got through the station 
gates, they stepped on the narrow stationary 
platform thence to the slow speed platform, 
on which they walked diagonally to the 
high speed, and wider, platform. There 
were no seats or gates on the Paris plat- 
forms, only a series of verticai posts for 
hand support, and most passengers never 
used these, after the first 2 or 3 trips. 

The power consumption at peak loads was 
less than 3850 kw and all bearings were of 
the plain babbitted type. With modern 
roller or ball bearings, this figure would be 
less. 


N. W. Storer: In closing, the writer wishes 
to express his sincere appreciation of the 
excellent discussions present on this paper. 
Everybody has suggested some feature that 
is important at this time, when plans are 
developing. 

It is notable that the electrical and me- 
chanical features of the “biway,” including 
the control system, the method of driving, 
and the platform construction, were scarcely 
mentioned. Practically the entire discus- 
sion centered on the questions of the econ- 
omy of a system that operates with full 
capacity all of the time, and whether gates 
should be used between platforms. R. F. 
Kelker, Jr., calls the biway a giant, and asks 
where it can be used, then answers the 
question himself, approving the plan sug- 
gested during the presentation of the paper, 
for a biway loop on Fifth Avenue from 51st 
to 34th Streets, to Eighth Avenue, back on 
33d to Madison Avenue, and up to 5lst 
Street, closing the loop at 5lst and Fifth 
Avenue. He also pointed out places in 
Chicago where it would have been very 
valuable during the recent world’s fair. 

Alfred Brahdy has some doubts about the 
economy of the biway during off-peak hours. 
It is quite natural for a transportation 
engineer to look apprehensively at any 
system that operates so much of the time 
with empty seats. It looks very inefficient 
and expensive. It is inefficient, viewed 
purely from the standpoint of carrying more 
seats than are necessary to satisfy the pa- 
trons, but the biway system is more efficient 
from the standpoint of service than is the 
ordinary subway, for it maintains the same 
high class of service at all times; therefore, 
it will attract many more people than a 
system that cuts down the service during the 
off-peak hours. 

The question of operating expenses must 
be considered with over-all cost of operation, 
and a comparison of the biway with the 
Eighth Avenue Subway indicates that the 
biway is much less expensive, at least in 


some particulars. Taking Brahdy’s figures 
for the rush-hour load on the subway—40 
10 car trains per hour carrying 90,000 
people, 23,000 of whom are seated—the 
biway would carry the same total load with 
60,000 passengers seated, at the same aver- 
age speed, with 6 times as many stops per 
mile, with not more than 1/3; the power con- 
sumption and 1/1) of the maximum power 
demand. 

During light load periods, the biway 
would operate at full speed with about the 
same power consumption as the average re- 
quirement of 80 subway cars per hour. It 
will be noted that this is only !/; of the cars 
in use during the rush hour. These cars 
would seat less than 4,500 passengers or 
only 5 per cent of the rush-hour load, which 
would seem to be as small a load as would 
be expected during even the lightest hour. 
These cars undoubtedly would be operated 
in shorter trains than those in the rush hour, 
but at much less frequent intervals, so that 
the service would be inferior to that of the 
biway, even though the biway local were 
making only 40 stops per hour instead of 
85. For any traffic requiring more than 
80 cars per hour, the biway would operate 
with less power than the subway, and the 
all day average probably would not be much 
more than 1/, the power consumption of the 
subway. The cost of power would be even 
less than proportional to the average load, 
because of the uniform load taken by the 
biway. 

Other operating costs, such as for plat- 
form guards, also would be reduced during 
the off-peak hours. The cost of mainte- 
nance of the platforms and operating equip- 
ment would be low in any case because of 
the extreme simplicity of construction, the 
comparatively slow speed, and freedom from 
shocks and the stationary driving equip- 
ment. The cost of maintenance should be 
much less than that of the subway trains 
now in use, in spite of the platforms having a 
much greater average mileage. There seems 
to be every reason to believe that the biway 
is one system that can operate continuously 
at full capacity without excessive cost of 
operation, and at the same time furnish the 
very best of service. 

In writing the paper, the great flexibility 
of the “‘biway’’ system was not sufficiently 
stressed to convey the idea that it could be 
anything but a giant so far as transportation 
is concerned. In fact, the biway may be 
installed with platforms much narrower than 
those shown, with carrying capacity quite 
suitable for smaller cities, or for certain 
districts in the largest cities. The biway 
can be installed in an over-all width of as 
little as 10 feet, or as much as 15 or 20 
feet, if desired, and can be operated at ex- 
press speeds of from 10 to 20 miles per hour, 
or even more, provided only that the line is 
made with proper curvature for the speeds. 

Since presenting the paper, the scheme of 
operation has been analyzed further, and a 
comparison of the biway with the Eighth 
Avenue Subway has been made. It was 
found that increasing the length of the cycle 
of operations from 42 seconds to 60 seconds 
reduces the power consumption by 20 or 
25 per cent, and that a further increase to 
90 seconds will make a total reduction of 
30 to 35 per cent. It appears, even with 
these conditions, that the biway still would 
be far ahead of the subway in point of con- 
venience and in time saving. At the same 
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time, it would effect a considerable reduction 
in the cost of driving equipment, and would 
permit more time for transferring from one 
platform to another and, decreasing thereby 
the danger from accident. It is the author’s 
opinion that the biway system eventually 
will be a real competitor of the subway for 
loops of considerable length. 

The question of safety was discussed by 
P. M. Lincoln, L. A. Phillips, and L. W. 
Chubb. Lincoln feared that the accidents 
resulting from transferring at the wrong 
time might result in damage suits that would 
absorb a considerable part of the revenue. 
This was not agreed to by any of the other 
speakers, several of whom pointed out that 
the cost of accidents to transit companies 
does not exceed from 2 to 3 per cent of the 
gross income; moreover, if gates were used 
as shown in the paper, passengers could not 
transfer except at the proper time. 

Chubb believes that people would readily 
accustom themselves to the system, and 
there would be no danger from accidents. 
He inquired whether it would not be pos- 
sible to omit entirely the gates shown in 
the biway drawing. Phillips pointed out 
that the moving platforms at the Paris 
Exposition in 1900 had been under his 
charge, and that people found no difficulty 
in transferring from a platform running at 
3 miles per hour to one running at 6 miles 
per hour. He questioned the statement 
made in the paper that danger of stepping 
from one such platform to the other was a 
reason that had helped to prevent their 
adoption in commercial service. Although 
there is no doubt that a large majority of 
people would be able to pass from one 

_ platform to another running 3 miles per 
hour faster or slower, there are many 
people who would find it difficult to do so, 
and the fact that 7,000,000 people did it at 


the Paris Exposition is not proof that 


everybody was willing to undertake it. 
However, if the contention is established 
that this difference in speed is perfectly 
safe for everybody, it could be applied to 
the biway system quite easily, and would 
effect a material saving in cost of operation 
_to provide for people transferring with a 
difference in speed of from 2 to 3 miles per 
hour between platforms. 

The author is entirely agreeable to omit- 
ting the gates. They have been included 
like some other things, to cover the most 
difficult requirement. A small bridge across 
the gap between the platforms, to be 
lowered like the steps of some street cars 
when the gates were opened, was considered. 
These were omitted as unnecessary and it is 
believed that the gates can be omitted for 
the same reason. It would be impossible to 
interlock the large number of gates re- 
quired in such a system with the control so 
as to prevent its functioning until all gates 
are closed, as is done on subway trains; 
therefore, the operating mechanism would 
have to be trusted to open and close the 
gates at the proper times. Undoubtedly, 
there would be occasional failures of such 
devices, and one or more gates might stay 
open or closed. In such cases, it is possible 
that they might be more dangerous than if 
they were omitted entirely. 

The author is impressed by the testimony 
of Kelker, Brahdy, Chubb, and Phillips in 
regard to people becoming accustomed to 
new systems, and he believes it would be 
just as easy to accustom them to operating 
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without the gates. Certainly, every effort 
would be made to safeguard passengers. 
Suitable signals would be given for trans- 
ferring, using gongs, whistles, red and green 
lights, or even broadcasting instructions 
by means of loud-speakers from electrical 
transcriptions. The passengers must be 
allowed to take care of themselves, just as 
is done in subway stations where crowds 
push around on the edge of the platform 
before a train comes in, or when the person 
crosses a street or gets on or off a street car. 
There always will be a few reckless persons 
who will deliberately transfer when there is 
a material difference in speed, and escape 
without injury. Occasionally a passenger 
may fall, but even then serious injury would 
be unlikely. Altogether, the biway would 
be as safe as any other known system of 
mass transit, or safer. 

Lincoln is disturbed about the cost of 
financing the biway, and thinks 6 per cent, 
which was mentioned in the paper, is too 
low. He is quite right, if it is assumed 
that the system would operate on private 
capital, but a subway for the biway would 
have to be financed by the municipal govern- 
ment just as the present subways and 
streets have been. A city should finance it. 
As one engineer, who is in a position to 
know, said “the installation of the biway 
in the loop district of Chicago would take 
so much traffic off the streets that they 
would have ample capacity for many years 
to come. Otherwise, the streets soon will 
have to be increased at enormous costs.” 
The same may be said of New York and 
many other cities. 

The best place for the biway has been 
considered to be under the sidewalks, but 
there are many places in which this is 
impracticable. Several engineers have sug- 
gested an elevated biway system, which 
makes one wonder whether it might not 
be better after all to put it above the side- 
walk. It would have to be fully enclosed, 
but it would be much lighter and could be 
made an ornamental structure instead of 
the intolerably noisy and ugly structures of 
the present elevated railways. It could be 
carried easily on a single row of posts along 
the curb. It would be very quiet in opera- 
tion and would cost only a fraction of what 
the subterranean biway would cost. It 
would have great advantages in crossing 
streets and rivers and would not interfere 
with sewers, gas and water pipes, or cables. 
It would, of course, obstruct the view from 
second or third story windows, but even 
that would not be an unmitigated disad- 
vantage. 

Finally, consider the possibilities of intro- 
ducing such a system of transit. Brahdy is 
quite right in his statement of the difficulties 
standing in its way, but just as it was pos- 
sible to build subways that were opposed 
so strenuously 35 years ago, it should be 
possible to secure at least a test of a system 
that offers as much promise for relieving the 
traffic situation as does the biway. It must 
be demonstrated before even a small com- 
mercial installation can be made. It dif- 
fers from such things as moving stairways, 
which are the product of a single factory. 
So many features are involved that no one 
manufacturer could undertake it, and as 
stated in the paper, it can be financed only 
by some public utility or by the municipality 
itself. It seems that the cheapest and 
probably the best place to try out a short 


installation of this would be in the service 
between Grand Central Station and Times 
Square in New York, which is now handled 
by the shuttle service. This was seriously 
considered by the authorities at the time 
Putnam demonstrated his moving platform 
10 or 15 years ago. A biway loop under 
42nd Street extending from one river to the 
other would be a very good place to try it, 
and it is needed badly. 


Locomotive to Caboose 
Radio Communication 


Discussion and author's closure of a paper 
by S. G. Ellis published in the January 1936 
issue, pages 109-13, and presented for oral 
discussion at the transportation session of the 
winter convention, New York, N. Y., Janu- 
ary 30, 1936. 


W. H. Arkenburgh (General Electric Co., 
Schenectady, N. Y.): S. G. Ellis’ paper 
has interested the writer very much, for it 
describes a development parallel to one 
carried on by the company with which the 
writer is connected for the same purpose, 
namely, to communicate from the front to 
the rear of freight trains. A brief descrip- 
tion of this system appears in the writer’s 
discussion of a previous paper (A.I.E.E. 
TRANS., v. 52, March 1983, p. 294). 

The system has been improved since that 
time, and has produced some excellent 
results in actual service. 

The writer never has done anything along 
this line in the field of ultra-high frequency 
radio, because of the uncertainties of the 
licensing situation and the uncertainties of 
interference; therefore, a system working 
on an entirely different principle has re- 
ceived a great deal of attention. 

With this system complete privacy is 
assured, because there is no radio receiving 
set that could possibly pick up a conversa- 
tion carried on with this system. 

Briefly, inductor coils similar to those 
used in train control are provided to in- 
duce in the rails oscillations corresponding 
to the modulated carrier, and these os- 
cillations are detected by similar coils 
either on the other end of the train, on 
another train, or at some fixed point along 
the railroad. 

In order to make the system efficient, 
the rails are connected through loading 
capacitors to any wire that runs along the 
railroad. The result is that the system is 
exclusive, and the attenuation and velocity 
of propagation may be controlled. 

One of the problems the writer should 
like to understand a little better is the 
reason for different results when the train is 
at rest and when it is in motion. 


D. G. Little (nonmember*; Westinghouse 
Elec. and Mfg. Co., Chicopee Falls, Mass.) : 
W. H. Arkenburgh’s comments are most 
interesting, particularly his statement that 
with the carrier current system variable 
transmission effects are noticed when the 
train is in motion. With the ultra high 


* Closure written by D. G. Little because of S. G. 
Ellis’s death in January 1936. (See ELECTRICAL 
ENGINEERING for March 1936, page 316.) 
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frequency system described in the paper, 
the received signal variations that occur 
are readily explained by the presence of 
structures along the right of way, such as 
buildings, power and signal wires, bridges, 
and other trains, which absorb or reflect 
the radio waves in a variable manner as the 
train moves past these structures. How- 
ever, with the radio equipment described 
in the paper, these effects have been re- 
duced to a negligible amount and become 
troublesome at only extreme distances 
beyond the normal working range of the 
equipment. 

In regard to the licensing situation, the 
Federal Communications Commission is 
studying the problem actively. Many 
temporary licenses have been granted for 
operation in the ultra-high frequency bands, 
and it is believed that the advantages of 
ultra-high frequency radio for railway train 
communication will result in permanent 
allocation of certain ultra-high frequency 
bands for this service. 

The carrier current system is, for the 
present, more private than ultra-high fre- 
quency radio; however, for the railway 
service, it is believed that privacy is gener- 
ally of minor importance, particularly if 
the relative economy of first cost and opera- 
tion of the ultra-high frequency radio system 
is considered. 


Two Methods of 
Mapping Flux Lines 


Discussion and author's closure of a paper by 
Frank W. Godsey, Jr., published in the 
October 1935 issue, pages 1032-36, and 
presented for oral discussion at the electro- 
physics session of the winter convention, 


New York, N. Y., January 28, 1936. 


P. L. Bellaschi (Westinghouse Elec. and 
Mfg. Co.): Field problems are encountered 
in research and engineering, and 3 possible 
avenues of approach to their solution are 
available: experimental study, mathe- 
matical analysis, and graphical plotting. 

Experimental methods require the prep- 
aration of models, a careful arrangement 
of the apparatus, and carrying out accurately 
the experimental work. These methods 
apparently are capable of giving an exact 
solution, but in practice difficulties such as 
those described by the author arise. 

The experimental method described by 
F. W. Godsey, Jr. requires 2 sets of models 
and 2 sets of measurements to establish fully 
a complete plot of the flux and the equi- 
potential lines. However, it can be said 
that these 2 measurements check each other. 
The author has barely touched on 3 di- 
mensional fields. It would have been more 
convincing if he had extended the simple 
and interesting 2 dimensional field he has 
investigated to a 3 dimensional case. 

Mostly because of the difficulties involved 
with the mathematical analysis and also the 
limitations encountered with experimental 
methods, the graphical analysis has been 
developed with the aim to meet a specific 
need and to a point at which it is now 
capable of giving good practical results. 
Whether the field plot be 2 dimensional or 3 
dimensional, whether it involve a single 
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medium or many media (dielectrics), in 
essence the graphical method consists of 
dividing up the field so that the elements of 
volume intersected by the flux tubes and 
the equipotential surfaces all will be of the 
same elastance (dielectric fields). A cer- 
tain technique has been built up, and follow- 
ing this technique, assuming a certain 
aptitude in field plotting on the part of the 
investigator, it has been possible to solve 
even difficult field problems. Articles on 
electrostatic field analysis by M. G. Leon- 
ard published in the Electric Journal for 
December 1934 and January 1935 emphasize 
the extent to which field plotting can be 
facilitated by following an _ established 
technique. 

Voltage stresses in high voltage apparatus 
were investigated by means of field plots 
by the writer a few years ago with the 
assistance of M. G. Leonard. The mathe- 
matical solution of these problems was out 
of the question. A few illustrations will be 
of interest here. A practical problem in 
which field plots were employed may be 
found in the discussion of a previous paper 
(H. V. Putnam discussion, A.I.E.E. TRANS., 
v. 51, Sept. 1932, p. 595-600). The plot 
of figure 27 of the discussion just referred 
to gives the voltage distribution throughout 
the insulation and the windings of a high 
voltage shell type, power transformer. 
The actual voltage stresses were investi- 
gated experimentally in the transformer, 
and the comparison between the calculated 
and the experimental values are given in 
figure 28 of that discussion. The agree- 
ment is amply good. 

Each of the 3 methods, that is, experi- 
mental, mathematical, and graphical, has 
its own usefulness. The nature of the 
problem generally will determine which of 
the 3 methods will suit the purpose best. 


J. F. H. Douglas (Marquette University, 
Milwaukee, Wis.): This paper is to be 
especially commended for the ingenuity 
and care in the development of a new and 
valuable method, and for the further light 
on the problem of air gap induction. The 
results are even better than those of Hele- 
Shaw Hay and Powell (Hlectrician, v. 
54, Nov. 25, 1904, p 213 and Phil. Trans. 
Roy Soc., v. 195, 1900, pt. A, p. 303-27), 
good as these were, because equipotentials 
are shown, and the junction between the 
2 media theoretically is more correct. 

From the theoretical side, the author has 
attained one of the 3 latent possibilities in 
the equation for conjugate fields in thin 
laminae. If U is flux function, V a poten- 
tial function, ¢ thickness, and » permeability 
of medium, all functions of x and y, 
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In the field discussed by F. W. Godsey, Jr., 
curl and divergence are zero, and the 
thickness is uniform. To secure conjugate 
fields, therefore materials of conductivity 
in inverse ratio of permeabilities are used, 
and equipotentials and flux lines on the 
boundary are interchanged. Mullner (‘‘De- 
liniation of Magnetic Leakage Field by 
Electrical Means,” £.7.Z., v. 50, Sept. 12, 


curl 


1929, p. 1321) secure the conjugate of a 
vortical field by relacing divergence by curl. 
The third possibility, has not been tried. 

One method of simulating progressive 
saturation suggested by the equations, is 
to vary the thickness of the lamina represent- 
ing the iron regions. 

The writer has used conducting paint in 
experiments similar to those of the author 
with good results. In an effort to secure 
a color contrast, he has found only one sub- 
stance besides graphite that will work. 
He has found that the kind of graphite and 
kind of wax make considerable difference in 
specific resistance of mixture. The writer 
believes that an improvement in Mull- 
ner’s experiments might be made by lead- 
ing current into the brass sheets in the 
vortical regions through lamina of wax 
graphite mixture pressed between the brass 
sheet and a heavy copper plate. 

There are many problems of both prac- 
tical and theoretical interest awaiting the 
use of Godsey’s method, and it is hoped 
that many will be attracted to these prob- 
lems as research projects. 


F. W. Godsey, Jr.: The examples given by 
P. L. Bellaschi show the method of cur- 
vilinear squares developed to a very high 
degree in the plotting of flux lines. These 
examples are accurate and quite useful; 
however, it is readily apparent that an 
equally high degree of skill is necessary in 
so constructing flux maps. For persons 
with a great deal of practical experience in 
plotting flux maps, the graphical methods 
are not too inaccurate. For relatively in- 
experienced persons, and there are a great 
many of them, experimental models are the 
only means of obtaining comparatively 
accurate results. ; 

J. F. H. Douglas’ suggestions as to a 
means of amplifying the methods outlined 
in the paper are quite interesting. One of 
the principle advantages in going to varia- 
tions in thickness of the model as suggested 
by Douglas would be the utilization of 
wedge-shaped models in order to obtain 
flux distribution in concentrically uniform 
designs. 


A Generalized Infinite 
Integral Theorem 


Discussion and author's closure of a paper by 
Michel G. Malti published in the November 
1935 issue, pages 1222-27, and presented 
for oral discussion at the electrophysics session 
of the winter convention, New York, N. Y., 
January 28, 1936. 


H. W. Anderson (Iowa State College, 
Ames.): M.G. Malti has codified and clearly 
stated recent advances in providing direct 
mathematical derivations of certain theo- 
rems of operational calculus. Being of a 
direct sort, these derivations immediately 
have shown the manner in which generaliza- 
tions may be made. Carson’s infinite 
integral theorem has been shown to be but 
a special case of a more general relation 
that may be used to check the correctness 
of the solution for an electromotive force 
represented by almost any sort of time func- 
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tion, applied to a network with any initial 
conditions. 

The worker who has shown the way for 
much of this direct approach is van der 
Pol (the fourth reference of the paper). 
An appropriate comment that might be 
taken from van der Pol’s paper is that the 
added terms of this general solution show 
the individual effects of each initial condi- 
tion. 

Another paper by van der Pol, which 
might well be mentioned in this connection 
is: “On the Operational Solution of Linear 
Differential Equations and an Investigation 
of the Properties of these Solutions,’’ Phil. 
Mag., v. 8, ser. 7, June 1929, p. 861-98. 


_M. F. Gardner (Massachusetts Institute of 

Technology, Cambridge): Where M. G. 
Malti multiplies the terms of the differential 
equation by the exponential e«-“ and 
integrates with respect to ¢ from 0 to ~, 
he is in fact transforming the terms of this 
equation by means of the well known direct 
Laplacian transformation (L transforma- 
tion). His restriction of u in the exponential 
kernel «~” of this transformation to com- 
plex numbers with positive real parts in 
some cases is too strong. The only essential 
restriction. on uw is that its real part shall 
be greater than the abscissa of absolute 
convergence og of the integral defining the 
direct ZL transformation 


oa < R(u) 
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The abscissa of absolute convergence of this 
integral may be defined as the greatest 
lower bound og of the values which the real 
number o may be given and have 


lim Te 
T= =f cota pel Saxo (2) 


For example, if the function f(é) is itself an 
exponentially decreasing function, o may 
be negative, subject only to the require- 
ment that the product function e~“f(é) 
must satisfy equation 2 of this discussion. 

The inverse transformation Malti uses 
for inverting the function F(u) is of the 
form 


0 t<0 


1 “b+j © "m4 
CT as 16 0<t (3) 


21j/ b—jo 
This is the well known inverse Laplacian 
transformation (L~! transformation). The 
author’s restriction of } in the limits of this 
integral to a positive real number also is 
too strong in some cases. The only es- 
sential restriction on b is that it be a real 
constant greater than the oa defined above. 

The use of Z and L~ transformations, 
singly and together, for the solution of 
linear differential equations with constant 
coefficients is very old. For example, see 
the papers of Laplace,1 Cauchy,? Abel,’ 
Giorgi, Bromwich,* Wagner,’ Carson,® 
Jeffreys,? von Staché,!° Doetsch,1!!? and 
van der Pol,! to name only afew. A study 
of their papers affords ample evidence that 
the application of these transformations to 
general disturbing forces and repeated roots 
is far from new. Even the case of arbitrary 
initial conditions, as treated by von Staché, 
Doetsch, and van der Pol, has been in the 
literature for more than 10 years. 
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The section of the paper on extension to 
nonindicial circuits is an application of the 
well known theorem for the transform of an 
nth derivative. This theorem was given by 
Doetsch,'4 and was used in generalizing the 
Heaviside type of operational calculus by 
von Staché in 1927. By application of this 
theorem, the transformation of the deriva- 
tives in the differential equation involves 
the necessary initial conditions. 

Malti’s inverse transformation (equation 
7d) is not true in general, since T'(1 — m) = 
(—m)! only if m is an integer less than +1. 

He ascribes the integral expressing the 
principle of superposition to Duhamel 
(1833). It will be found 6 years earlier in 
a paper by Poisson.15 

The transform for the response, such as 
the current due to an applied electromotive 
force, can be divided into 2 factors, one 
coming from the network or system, which 
may be called the system transform, and 
one from the electromotive force or dis- 
turbing force, which may be called the 
disturbing force transform. Malti is mis- 
taken regarding the absence in the literature 
of any treatment of the problem of finding 
the system transform when the disturbing 
force and the response are the known 
quantities. See the papers of Giorgi. 
Furthermore, the entire treatment of the 
synthesis of electric networks, as exempli- 
fied by the works of Foster, Cauer, Bartlett, 
Fry, Brune, and Bode, is based upon an 
approximation of the system traiistorm, 
which in turn is but the ratio of a response 
transform and a disturbing force transform. 

To carry out the operations indicated in 
equation 180 of the paper, it is necessary to 
find the inverse of a transform that is the 
product of the system and the disturbing 
force transforms. Now lumped parameter 
networks have system transforms that are 
algebraic rational proper fractions; fur- 
thermore, disturbing forces (and these in- 
clude exponential functions) whose trans- 
forms are of this type, when applied to such 
networks give rise to transforms also of this 
type. The general problem, then, is the 
inversion of an algebraic rational proper 
fraction. Malti presents his solution of 
special cases of equation 18) just referred 
to as an extension of the partial fraction 
expansion theorem to exponential disturb- 
ing forces and repeated roots, and utilizes 
4separateforms. This is not a new solution 
of this old problem. It has been treated 
many times before, as mentioned in the 
foregoing discussion. Incontrast to Malti’s 
solution, a solution of the even more general 
problem cited can be given by a single form. 
This is done by expressing the solution as 
the sum of the residues of the integrand of 
Malti’s equation 180 at its poles. 

The writer is appreciative of the help 
given by J. L. Barnes, of the Department 
of Mathematics, Tufts College. 
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J. J. Smith (General Electric Co., Sche- 
nectady, N. Y.): This paper is an addition 
to a number of papers that have appeared 
in recent years on the subject of the Heavi- 
side operational calculus. These are serv- 
ing the useful purpose of examining the 
Heaviside method from different points of 
view, and help to understand it better and 
deduce new results. 

Equation la seems somewhat restricted 
as a starting point for the work in this 
paper. For instance, it would not apply 
to a circuit consisting of a resistor and 
capacitor in series. In this case the dif- 
ferential equation is 


(pCR + 1)i = pCet 


and with this type of equation the assump- 
tion made by the author that “z(t) and 
all its derivatives except the mth are zero 
when t = Q” does not hold. The writer 
would suggest clarification of the procedure 
in this case. One way, of course, would be 
to solve the equation 


(pCr + 1)y = e1 


subject to the above assumption with re- 
gard to i(/) and its derivatives and then use 
the relation 


PCy =1 


Many atithors have used the form of 
equation (1 — a) and the assumption that 
a(t) and all its derivatives except the mth 
are zero when ¢ = 0 to derive the Heaviside 
expansion theorem. The latter, as stated 
in the paper, is based upon the fact that the 
circuit initially is at rest so that 7 and all 
its derivatives are zero before ¢ = O at 
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which instant an electromotive force is 
applied. It is not difficult to show from the 
Heaviside operational solution that Malti’s 
assumption with regard to i(/) and its 
derivatives when ¢ = 0 is correct in certain 
cases. To prove it in this manner, however, 
would be meaningless. The writer should 
like very much for Maiti to explain whether 
there are any physical reasons that would 
lead the reader to make this assumption as 
the equivalent of the conditions under which 
the Heaviside expansion theorem applies in 
such cases. 

Many of the applications in which the 
Heaviside expansion theorem shows the 
greatest usefulness involve continuous sys- 
tems. A typical operational solution for a 
transmission line of length / might be writ- 
ten 


E sinh a x 
‘ sinh a / 

where a? = 02/0/. In this case the cor- 
responding differential equation is of infin- 
ite order. An indication of how the method 
in the paper might be applied to differential 
equations of infinite order and what terminal 
conditions should be used would be of 
interest. 

The author states in the opening para- 
graph that Heaviside’s operational methods 
are restricted to circuits that 1 are energized 
by a continuous electromotive force and 2 
are started from rest and have neither charge 
nor current. The third restriction will not 
be considered, since the author does not 
discuss it. Whether these restrictions are 
a disadvantage or not is open to question. 
There are 2 ways of proceeding. One is to 
have several expansion theorems to cover 
the different restrictions, which is the 
method advocated by Malti in this paper; 
the other is to have only one expansion 
theorem so far as possible and find other 
means for using this, subject to the re- 
strictions to give a solution in the cases 
where they do not apply. The latter 
method has been followed by several authors. 

The first restriction may be removed by 
the use of Duhamel’s theorem, mentioned 
by the author, which is a very useful pro- 
cedure. There is, however, another well 
known method. Assume the current in a 
given circuit operational solution for a con- 
tinuous applied electromotive force is 
given by 


; - Ye) 
Z(p) 


Then for an applied electromotive force 


1 


e “1 the operational solution is 
ae pY(?) 
t= —— e = 

Z(p) (p + a)Z(p) 


on replacing e~¢ by its operational ex- 


pression Ue abe i E - 
aoe is operational expres 


sion for 7; can be evaluated by the Heaviside 
theorem in the usual manner. This method 
avoids the necessity of using several dif- 
ferent types of expansion theorems, which 
seems to be an advantage. Operational 
expressions for various types of functions 
that might be used for different impressed 
electromotive forces have been tabulated 
by many authors, and thus their determina- 
tion presents little difficulty. Examples of 
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the application of this method will be found 
in the author’s references number 3 (chap- 
ter 6) and number 6 (page 14). 

The second restriction with reference to 
arbitrary initial conditions may be removed 
by a method given in chapter 1 of reference 
number 6 listed by the author. Examples 
will be found there. This method has also 
been indicated in the Acts of the Inter- 
national Mathematical Congress 1928, v. 
6, p. 327. The procedure is to modify 
the operational solution in a manner analo- 
gous to the previous example and the result 
is thus obtained by applying the Heaviside 
expansion theorem in the usual manner. 


Joseph Slepian (Westinghouse Elec. and 
Mfg. Co., East Pittsburgh, Pa.): This 
interesting paper mentions the use of the 
generalized infinite integral theorem for 
determining the unknown impedance op- 
erator of a system when its complete re- 
sponse to a particular impressed electric 
force is known. This problem is encoun- 
tered in practice less frequently than its 
inverse, but an interesting case arose some 
years ago, in which cathode ray oscillograms 
of surge voltage and current at a point in 
a transmission line were found to be such 
that the usual approximation of regarding 
the line as having an impedance operator 


equal to a constant, ~/L/C could not be 
applied. The problem of calculating the 
impedance operator from the oscillograms 
then presented itself. ; 

The problem was solved by the use of the 
generalized infinite integral theorem (dis- 
cussion, O. Ackermann, A.I.E.E. TRANS., 
v. 49, July, 19380, p. 9383). The theorem 
was derived from Carson’s integral, and it 
may be of interest to present the derivation 


here. Carson’s integral equation is 

we = ihe e-PA(n)dr (1) 

pZ(f) 0 

where A(t) is the indicial admittance. 

One form of the superposition theorem is 
d t 

u(t) = eM: A(t — Aj)e(A)dr (2) 
dtJ/ 9 

Thence 


foe} t 
if (te?! dt = al A(t — d) 
0 0 
t= © eo) t 
coven | +p f of A(t — X) 
1=0 0 0 


e(d)dddt (3) 


= pf anf ead — dr)dtdd (4) 
0 aN 


pf nerf e-?" A(u)dudd (5) 
0 0 


1 foo} 
—— e~?» 
AEs f e(A)e~PAdN (6) 


Equation 3 of this discussion is obtained 
from equation 2 by multiplying by «7?! 
and integrating by parts. The bracketed 
term of equation 3 drops out and reversing 
the order of integration of the remaining 
term gives equation 4. Change of variable 
u = t — ) gives equation 5 and use of equa- 
tion 1 gives equation 6. 


Ernst Weber (Polytechnic Institute of 
Brooklyn, N. Y.): In this paper, M. G. 
Malti advances extravagant claims as to 
the originality of his derivations. A 
number of references can readily be quoted 
showing that essentially the same subject 
has been delivered several times in the past. 

When Malti, in his introduction, states 
“these extensions, however,” (as to partial 
quality and coincidence of roots in the ex- 
pansion theorem) “have been known only 
for the case where the applied electromotive 
force is continuous,’”’ the writer needs only 
refer to the extensive treatment by Moch- 
inoir Goto,! in which even other cases are 
treated in addition to those given by Malti 
for the case of exponential electromotive 
forces; this reference is quoted also in 
reference 2 of the paper.? It thus appears 
that equations 28, 30, 32a, and 35 of the 
paper are the same, respectively, as the 
first equation (unnumbered), and equations 
30, 25, and 29 of Goto’s paper, except that 
Malti considers several multiple roots and 
therefore has to employ an additional sum- 
mation sign. 

For Malti’s statement “‘in other words, no 
theorem has been given which applies to the 
exponential or the sine electromotive 
force,” the writer needs only refer to 
Bush’s book? quoted by Malti, and many of 
the references given on page 89 of this book, 
among which is that of J. R. Carson. 
A derivation of the expansion theorem for 
applied exponential or sine electromotive 
forces can also be found in a textbook by 
Louis Cohen,‘ especially equation 19 of 
the book; also in the book by H. Jeffreys,® 
quoted by Malti, the formula for exponential 
electromotive force as equation 11, the © 
characteristic short expression of a mathe- 
matician. It thus appears that equations 7 
and 19 of Malti’s paper are identical with 
equation 376 (p. 176) of Bush’s book,? 
and equation 37 of the paper is slightly less 
convenient form than equation 20 or 22 
(p. 20) of Cohen’s book! and equation 168 
(p. 98) of Bush’s book.? 

There remain the formal solutions of the 
so-called nonindicial circuits given in 
equations 17b and 180, of the paper, but a 
complete treatment of the nonindicial 
circuits may be found in the first section of 
Jeffreys’ book,’ and in a paper by A. 
Kneschke.* Incidentally, equation 14 of 
Kneschke’s paper is identical with equation 
23b of Malti’s paper. 

Since it does not seem possible to estab- 
lish the originality claimed in the paper, one 
might still claim a certain systematization 
of all the so-called forms of the expansion 
theorem but then the writer should claim 
that the formulas given are too formal and 
will not appeal to any practical engineer. 
For 4 years the writer has used in his own 
lectures simplified expressions of the ex- 
pansion theorem (and of all the so-called 
various types of the expansion theorem with 
all special cases) in a form that is very 
readily applied to practical circuits. 

It is well known that capacitive circuits 
contain integrals of the currents, which 
means negative powers of the operator . 
Therefore, equation la is not the most 
general case unless e(#) involves various 
terms and is not the applied voltage. Fi- 
nally, it is not true that the minor Ags is 
always a lower degree in the operator p 
than the determinant A. There are pos- 
sible cases treated in the literature where 
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the minor has the same degree as the 
determinant, (see Goto’s paper!) or the 
numerator polynomial can be of even one 
degree higher than the denominator poly- 
nominal leading to the “impulse function” 
extensively treated in the book by Bush.? 
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M. G. Malti: Before submitting a reply to 
the various discussions, the author wishes 
to say that he is extremely gratified that 
this paper has aroused,so much interest and 
discussion. The personal letters received 
regarding it show that electrical engineers, 
whether they be engaged in utility work, 
manufacturing, or communications, are 
intensely interested in operational analysis. 

The author wishes to thank H. W. Ander- 
son for his statements regarding the paper. 

As stated in the introduction to the paper, 
the form of the generalized infinite integral 
theorem (equation 6 of the paper) is well 
known. In fact, it can be readily derived 
much more simply than Slepian indicates 
by merely substituting equation 55 in 
equation 56 (page 48 of Carson’s book 
“Electric Circuit Theory and Operational 
Calculus’). Slepian’s mode of derivation 
is, nevertheless, interesting. 

J. J. Smith concludes that equation la 
is restricted because it comprises no nega- 
tive powers of » and hence does not apply 
to the series circuit with R and C of which 
the equation is of the form 


iR + (1/Cp)i = e(t) (1’a) 
or 
[R + (1/C)p}i = e(t) (1b) 


Now the whole theory of the paper applies 
to the case under consideration with no 
modification whatever. In order to prove 
this statement in the most general case let 
an integro-differential equation be 


pee ap phot) lag 40-1 -* 4 


Gaepat tl atm pe l(t) = et). (2°) 
Let 
p-™4(t) = f(t) (3’) 


Substituting (3’) in (2’) we have 
[anp™*™ + ap—ip™t™) 4... + aop™ + 
ap" 1+ ...+ amlfli) = et) (4’) 


Equation 4’ is of the same form as equation 
la of the paper. Hence, any integro- 
differential equation of the form of equation 
2’ (which includes equation 1’ as a special 
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case) can be readily reduced to the dif- 
ferential equation la of the paper. It must 
be observed, however, that the initial con- 
ditions are given for i(t) and not for f(2). 
To change these initial conditions to initial 
conditions involving f(t) it is necessary 
simply to recall that by definition 


t 
pit) = i po i(t)dt for k = 


ey aie (O° G,) 


Hence 


p-F i(t) Gs = Oor fi”) (0) = 0. (5’b) 


From this it is observed that 


SO FO FO). <= fF) =H 
(6’a) 


f™(0) = 2(0), fo" (0) = 40), ..., 
PAD (OY = 4D (0) (6') 

The case of a system of differential equa- 
tions is similarly treated by applying equa- 
tion 3’ to the lowest order of i;(#). Thus 
let Zs in equation 8 of the paper be the 
impedance that contains the lowest nega- 
tive power of p among all the Z;z. Let 
that power be p-”. Then from equation 
3’ 
p-tr(t) = fr(t) (7’) 
The set of integro-differential equations are 
then reduced toa set of differential equations 
in frit). 

Smith raises a further question regarding 
the initial conditions. The paper gives 
4 infinite integral theorems and their trans- 
forms as follows: 


1. Equations 6b and 7 apply to one differential 
equation with indicial boundary conditions, that 
is, 1(0) = 7(0) =... = i(m-1)(0) = 0. 


2. Equations 10 and 12 apply to a system of° 


differential equations with indicial boundary con- 
tions. 


3. Equations 16) and 17 apply to one differential 
equation with nonindicial boundary conditions. 


4. Equations 18¢ and 18b apply to a system of 
differential equations with nonindicial boundary 
conditions. 


In this way all possible initial conditions 
of linear differential or integro-differential 
equations with constant coefficients are 
covered. 

Regarding the multiplicity of expansion 
theorems, it may be stated that equations 
16b and 18a of the paper are the only 2 
expansion theorems necessary. The. first 
is for one differential equation and the second 
for a system of differential equations. Egua- 
tions 6b and 10 of the paper are obviously 
special cases of 16) and 18a. 

The third question relates to transmis- 
sion line equations and other partial dif- 
ferential equations. That such equations 
can be directly and beautifully solved by 
the methods of this paper has been very 
ably demonstrated by Doetsch in a series of 
papers given in references 1 to 10 at the 
end of this discussion. 

The writer is familiar with the purely 
operational methods referred to by J. J. 
Smith and has been led to the transform 
method given in this paper because purely 
operational methods suffer from at least one 
defect. They are “‘slippery’—one never 


can be sure of his ground. There are 
certain rules-of-thumb that are known to 
work, but why they work and when they 
cease to work are questions answered by 
transform methods. 

The author would have Ernst Weber 
understand that he has advanced no claims 
(extravagant or otherwise) in the printed or 
the oral presentation of the paper. Any 
person familiar with the subject knows 
what is new in the paper and what is not 
new. 

Weber’s reference to Goto’s work does 
not refute the author’s assertion that the 
extensions have been known only for the 
case in which the applied electromotive 
force is continuous. Goto’s derivations for 
sine and exponential functions (which are 
continuous) have nothing to do with the 
case of discontinuous functions for which 
the transforms equations 17 and 180 of 
the paper hold. 

Weber admits that equations 28, 30, 
32a and 35 of the paper contain an extra 
summation sign over and above Goto’s 
equations. That extra summation sign 
physicaliy represents additional cases of 
electric circuits than can be solved by this 
method and completes the total number of 
possible cases that could be encountered. 
Weber need not be reminded that any 
treatment that does not cover all possible 
cases is mathematically and physically in- 
complete. 

In referring to works of Carson, Bush, 
Cohen, and Jeffreys, Weber seems not to 
realize the difference between restricted 
circuits wherein all the roots are unequal 
and a circuit wherein the roots of the 
operational equation may assume any value. 
The references he gives (Bush, Carson, 
Cohen, and Jeffreys) all deal with the most 
elementary case of unequal roots. The 
paper under discussion deals with unequal, 
equal, and repeated roots and hence con- 
stitutes an extension of modern knowledge 
of operational and transform methods as ap- 
plied to circuit problems. 

As to the identity of equations 7 or 19d 
of the paper with Bush’s equation 386, 
Weber might be interested to note that no 
originality is claimed in this paper for 
transform methods that have been known 
since Laplace’s time. 

Weber calls attention to equation 37 of 
the paper and states that it is slightly less 
convenient than equations 20 and 22 (p. 
20 of Cohen’s book). For Weber’s infor- 
mation the author might state that equation 
37 of the paper and Cohen’s equations 20 
and 22 refer to entirely different circuits. 
Equation 37 of the paper applies to the cur- 
rent in any branch of a mesh containing 
several sine electromotive forces while 
Cohen’s equations apply to a singly excited 
circuit. Equation 37 of the paper is, there- 
fore, much more general than Cohen’s. 
Weber’s confusion in this matter might ac- 
count for his assertion that equation 37 
of the paper is in a slightly less convenient 
form than Cohen’s. 

Weber’s references to Jeffries’s and 
Kneschke’s works relative to equations 
176 and 18) of the paper are misleading. 
While Jeffries treats the nonindicial case, his 
results (see p. 9-12) are not of the same form 
as equation 17b and 180 of the paper. 
Jeffries’s equation 15 is of the same form as 
equation 18b of the paper, but Jeffries’s 
equation is restricted to the unit function 
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only while equation 18) applies to any 
function. As to Kneschke, his treatment, 
while using the transform method, does not 
cover the nonindicial case of equation 18); 
moreover, Kneschke treats the case of a 
system wherein Zzs(u) is of the second 
degree only. The treatment of the paper 
is not so restricted (see equation 8). 

It is surprising that Weber does find 
originality in the systematization of all 
infinite integral theorems, but he hastens to 
state that the formulas are too formal for 
the practical engineer. This charge 1s 1m- 
mediately refuted by the direct applications 
of the formulas in the paper to the various 
cases arising in practice (see section on 
application to exponential electromotive 
forces). 

Weber’s statement that equation la of 
the paper is not the most general case, un- 
less e(t) involves various terms and is not 
the applied voltage, is untrue. 

M. F. Gardner’s question about the 
severity of the condition on R(u) is of 
mathematical interest. Although the con- 
dition R(u) > 0, 6 > O is in some cases a 
bit strong, yet it is much more clearly under- 
stood by the average engineer than the 
restriction that ‘““R(u) shall be greater than 
the abscissa of absolute convergence’’; 
moreover, the restriction placed on b is of 
little significance so far as the actual evalua- 
tion of the transform is concerned. In- 
deed, in all practical cases considered in the 
paper, the author has encountered no diffi- 
culty due to this restriction. 

Gardner gives some very interesting an- 
cient history regarding the use of LZ and 
L— transformations by mathematicians. 
Unfortunately the author does not access 
to Laplace’s volume 10, but upon looking 
up the other and later references quoted by 
Gardner it is discovered that 


1. Cauchy derives some properties of the Fourier 
integral. His work (see Gardner’s reference 2) has 
nothing to do with the paper. 


2. Abel studies Laplace’s transform and some of 
its properties and actually derives ‘‘Heaviside’s 
shifting.’’ Abel, however, does not apply Laplace’s 
transform to the solution of differential equations 
and hence his work is remote from the subject 
matter of the paper. 


8. Giorgi (in the International Congress, Torot\o, 
1924) used the Fourier integral in a form similar to 
equation 7 of the paper, but not in connection with 
circuits. Giorgi also justifies some of Heaviside’s 
work by transform methods. He further derives 
Heaviside’s expansion theorem, but not through 
transform methods. He has nothing in his paper 
on equal or repeated roots, and does not treat 
systems of differential equations. 


4. Bromwich gives an interpretation of certain 
operational expressions by means of the transform. 


5. Wagner uses the transform in order to prove 
Heaviside’s expansion theorem for the case of 
unequal and repeated roots, but for indicial con- 
ditions only. 


6. Carson has the infinite integral theorem, but 
he does not use the transform at all; moreover, he 
obtains the case*of arbitrary electromotive forces 
from the case of a constant electromotive force by 
the superposition theorem. 


7. Jeffries’ work is summarized in the foregoing 
answer to Weber’s discussion. 


8. Von Stacho uses the infinite integral theorem, 
but not the transform. He mentions very briefly 
ordinary differential equations. He has no results 
on systems of differential equations. 


9. Doetsch’s main interest is in partial differential 
equations (see references 1 to 10 at the end of this 
discussion). He has no results for ordinary linear 
differential equations and systems of such equa- 
tions, which is the subject of the paper. 


10. Van der Pol derives the infinite integral 
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theorem for single differential equations and for 
systems, but does not use the transform. 


The conclusion drawn is that these 
references form an excellent historical back- 
ground for the paper. It appears that the 
results of the paper have not been antici- 
pated by any of these references. 

For Gardner’s reference to Bush regarding 
extensions of Heaviside’s expansion theorem 
see the foregoing reply to Weber’s discus- 
sion. As to Cauchy, this work covers only 
the case of a single differential equation 
with unequal roots. 

The method of residue suggested by 
Gardner, relative to the evaluation of the 
transform is not essentially different from 
that used by the author. The results of 
the paper are carried as far as possible for 
the convenience of the engineer. 
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Effect of Total Voltage 
on Breakdown in Wacuum 


Discussion and author's closure of a paper by 
H. W. Anderson published in the December 
1935 issue, pages 1315-20, and presented 
for oral discussion at the electrophysics 
session of the winter convention, New York, 
N. Y., January 28, 1936. 


R. C. Mason (Westinghouse Elec. and Mfg. 
Co., East Pittsburgh, Pa.): Although the 
work of H. W. Anderson extends the knowl- 
edge of vacuum breakdown to an entirely 
new range of voltages, the explanation of 
all the phenomena involved still is not clear. 
Below 50 ky a critical gradient at the 
cathode, presumably that sufficient for 
cold cathode emission of electrons in con- 


siderable quantities, seems essential for 
breakdown. Recent experiments by the 
writer show that even when a copious sup- 
ply of initiatory electrons are present at 
the cathode, still a constant field of about 
5 X 105 volts per centimeter is necessary 
at the cathode for all electrode separations 
at least up to those requiring 50 ky for 
breakdown. Investigations in the past have 
suggested that high speed electrons might 
cause positive ion emission from anodes, 
and it is logical for Anderson to assign this 
cause for his observed variation of break- 
down voltage with separation beyond 50 
or 100 kv. 

The positive ions freed from the anode 
might affect the breakdown voltage in either 
of 2 ways: 

1. Indirectly, the positive ions striking 
the cathode might alter the character of the 
surface of the cathode, either by depositing 
anode material upon the cathode or by 
changing the form of surface irregularities, 
so as to increase the cold cathode emission. 
In this way, for a test in which electrode 
separation and breakdown voltage increased, 
the applied field necessary to give any par- 
ticular cold cathode current would decrease. 
If this explanation is correct, then the 
surface change should be permanent, so 
that if the gap length were reduced from its 
largest value, the field for breakdown would 
stay constant at the minimum observed 
value. Anderson mentions that the lower 
parts of the curves in figure 1 of the paper 
are shifted somewhat after the data for the 
upper points are taken. In what direction, 
and approximately how much, are the lower 
parts of the curves shifted? 

The same remarks apply also to figure 3 
of the paper. If positive ion bombardment 
were causing a change in the cathode sur- 
face, then the current flowing for a particular 
voltage and separation should not be con- 


“stant, but should change with time of ap- 


plication of voltage. Was such a change 
observed? For a particular separation, 
would the same current be measured for a 
given low voltage before and after the ap- 
plication of a higher voltage? 

2. Directly, the positive ions might af- 
fect the breakdown voltage by virtue of the 
electron emission they will cause from the 
cathode. If the first hypothesis is not cor- 
rect, then the extremely rapid variation of 
cold cathode emission with field means 
that such emission will be entirely negligible 
for breakdown voltages above, say, from 
200 to 300 ky (figure 1). Then breakdown 
must proceed entirely by the interaction 
of the positive ion production at the anode 
by electrons, and the electron production at 
the cathode by positiveions. Sucha process 
should depend only on the applied voltage, 
and not upon the electrode separation, so 
that beyond the point where cold cathode 
emission fails to be important, the break- 
down voltage should be constant. Why, 
then, does the observed breakdown volt- 
age increase continuously with electrode 
separation? 

From the heating of the electrodes, 
Anderson concludes that the electron cur- 
rent is several hundred times the positive 
Jon current, yet he says that a 20 minute 
application of voltage below the breakdown 
value transferred enough anode material 
to produce a brownish spot on the cathode. 
The value of the current in the latter test 
is not given, but if it were comparable to 
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the currents plotted in figure 3 of the paper, 
or say 1 microampere, then the total num- 
ber of positive ions arriving at the cathode 
during the test would have been less than 
_10!5—a number far too few to have been 
seen if they had all remained on the cathode. 
If the minimum amount of material likely 
to be noticed by the naked eye is estimated 
to be a layer 1,000 molecules thick over a 1 
millimeter square, then about 1 atom must 
have been deposited for each electron leav- 
ing the cathode, assuming the electron cur- 
rent to be 1 microampere. The deposit of 
material and the heating experiment are 
compatible only if most of the material 
passed from anode to cathode as neutral 
atoms. 

Another way of estimating the positive 
ions liberated from the anode possibly might 
be found from figure 3 of the paper. If the 
effect of the positive ions follows the fore- 
going second hypothesis, then the current 
before breakdown will be 


1+ 6 
1— ¥6 


4 = ty’ 


where 6 represents the number of positive 
ions leaving the anode per incident electron, 
y is the number of electrons liberated from 
the cathode per positive ion impact, and 
to is the cold cathode current from the cath- 
ode, or the current arising from a source in- 
dependent of the total voltage. Both 6 
and y are functions of the voltage; for the 
range covered in figure 3, y probably lies 
between 1 and 10. Rough fitting of this 
equation to the curves shows that 7 must 
increase rapidly with V below 40 kv, and 
change very slowly from 60 to 120 kv. 

The limiting values of 6 would be 1 if vy 
- = 1,and 0.1 if y = 10. It seems unlikely 
that 6 actually is appreciable below 40 
kv. It is hoped Anderson will clear up 
some of the foregoing queries. 


H. W. Anderson: R. C. Mason’s comment 
(1), concerning the so-called permanent 
manner in which positive ions from the 
anode might affect breakdown voltage, con- 
forms with the experimental work on which 
the paper is based. As stated in the paper, 
a copper anode opposite a steel cathode 
results in characteristics similar to those 
obtained with both electrodes of copper. 
The curves of figure 1 of the paper were 
taken with steel electrodes, and those of 
figure 3 of the paper with nickel; thus, 
in each of these cases Mason’s comment 
would be limited to the changing of surface 
irregularities. Also, such bombardment 
may be quite effective in cleaning the 
cathode. During the establishment of 
voltage across a pair of electrodes, momen- 
tary pulses of current often were observed, 
and were considered to be incidental to the 
conditioning of the electrode surfaces. 
After such initial pulses, however, the cur- 
rent usually would become fairly steady. 
Consequently, additional positive ion bom- 
bardment during the time of making the 
experiments did not seem to cause a change 
in gap characteristics that could be repre- 
sented as a function of time. 

When the interelectrode voltage was in- 
creased to the breakdown value, as was of 
course repeatedly done for the data of 
figure of the paper, gap characteristics were 
changed so that the lower portion of the 
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curve could not be closely checked after 
taking data for the upper portion. The 
change, however, varied from time to time 
both in magnitude and direction. When 
breakdown voltage (for a given gap length) 
was increased, the result was attributed to 


‘electrode cleaning, or possibly the destruc- 


tion of emitting points on the cathode. 
When breakdown voltage was decreased, 
the formation of sharper cathode irregulari- 
ties was suspected. However, the resulting 
curve of breakdown voltage versus gap 
length still would be quite similar to that of 
figure 1 of the paper. Thus, the field for 
breakdown would by no means remain at 
a constant minimum value corresponding 
to that of the highest voltage reached. 

Since the lower part of the curve of break- 
down voltage could not be reproduced after 
taking the high voltage values, Mason sug- 
gests that a similar variation might also 
apply to the measurements of figure 3 of 
the paper. It should be noted, however, 
that the measurements for these 2 figures 
differ in one very important respect: figure 
1 of the paper necessarily was taken with 
repeated breakdown, whereas breakdown 
was avoided during the entire run for figure 
3 of the paper. The measurements for 
figure 3 were made after a period of elec- 
trode conditioning, which had brought the 
gap to a stable condition, and the low volt- 
age points could be checked after the ap- 
plication of higher voltage. 

Mason states in his second comment that 
the proposed positive ion hypothesis should 
lead to a ceiling beyond which breakdown 
voltage could not pass. The empirical 
equation for figure 1 of the paper corre- 
sponds to just that, but the writer hesitated 
so to extrapolate. That such extrapolation 
is a dangerous process is exemplified by the 
fact that measurements below 50 kv would 
lead to the conclusion that breakdown occurs 
at constant gradient. 

Mason appropriately questions whether 
the accumulation of anode material upon 
the cathode conforms to Faraday’s law. 
The visible spot described occurred with a 
copper anode and steel cathode, which 
combination resulted in the gap taking the 
relatively inferior insulating characteristics 
of copper electrodes. Thus the interelec- 
trode current was much larger than that of 
the nickel electrodes of figure 3 of the paper, 
and was actually about 100 microamperes. 
Besides this, the estimated depth of 1,000 
molecules seenis somewhat large. The 
volume optical properties of a metal are 
considered to start with a layer about 50 
molecules thick. Although these values 
conform to Faraday’s law, it must be ad- 
mitted that this does not prove the entire 
absence of a sort of sputtering due to elec- 
tron bombardment. On the contrary, some 
form of mutual electrode bombardment is 
necessary to account for the observations 
described in the paper. 

Mason has brought out the reason why 
splashing coefficients (suggested by R. J. 
Van de Graaff, reference 8 of the paper) 
were not evaluated. The electrode for figure 
3 of the paper was changed in characteristics 
by sparkover. After this occurrence, the 
electrode produced curves of similar shape, 
but with different values of current. After 
considerable work with this electrode, it was 
decided that a study of splashing coefficients 
would require an entirely different type of 
electrode arrangement, utilizing a known 


beam of electrons kept in a separate track 
from that of the resulting positive ions by a 
transverse magnetic field. With suitable 
provisions for current measurement, splash- 
ing coefficients might then be determined. 


fe.G Adopts 
MKS System of Units 


Discussion and author's closure of a paper by 
Arthur E. Kennelly published in the Decem- 
ber 1935 issue, pages 1373-84, and pre- 
sented for oral discussion at the electrophysics 
session of the winter convention, New York, 
N. Y., January 28, 1936. 


J. J. Smith (General Electric Co., Sche- 
nectady, N. Y.): In this paper A. E. Ken- 
nelley has given a very fine review of the 
work from 1848 to the present to standardize 
the electrical units. The third action 
taken at the latest meeting of the I.E.C. in 
1935, and also adopted as the title of this 
paper, may lead to some slight confusion. 
it is stated that ‘‘The question of adopting 
the mks system then was moved and unani- 
mously approved, except that 2 countries 
made reserves as to the suitability of retain- 
ing the kilogram as a basic unit of the sys- 
tem.’’ Resolution 1 of the I.P.U. meeting 
at Chicago states ‘‘That the classical cgs 
system should be left unchanged.” It is 
the writer’s understanding that the action 
in approving the adoption of the mks sys- 
tem by the I.E.C. did not affect the status 
of the cgs system and he should like reas- 
surance from Kennelly on this point. 

In connection with the fourth unit re- 
quired to make up the mks system, it is 
stated that the ohm and the coulomb had 
been suggested. In a recent article in 
Nature, Sir Richard Glazebrook suggests 
the use of » for this unit. The writer be- 
lieves that the adoption of this fourth unit 
deserves very careful study before a final 
decision is made. One of the reasons guid- 
ing the choice of this unit should be to 
allow the logical development of a system 
that could be readily understood by engi- 
neers in the future. If the coulomb is 
adopted, this can be done somewhat along 
the lines of the present cgs system, in which 
2 equal charges placed one centimeter apart 
and acting upon each other with a force of 
one dyne, are considered to be unit charges. 
Of course it suffers from the disadvantage 
that it is not possible to keep a unit charge 
stored somewhere like the units of length 
and mass. This is not so serious as it 
seems. On the contrary, if the ohm or the 
permeability should be used as a basis, it 
appears necessary to base the development 
of the system on a seemingly empirical basis. 
It is recognized that they may have ad- 
vantages from other points of view. The 
subject is too lengthy to discuss further at 
this time, but it is one worthy of careful 
study before taking any final action. 


H. L. Curtis (National Bureau of Standards, 
Washington, D. C.): In A. E. Kennelly’s 
interesting paper he has indicated the his- 
torical background that has led to the 
proposal of including the meter-kilogram- 
second (mks) system as one of the systems of 
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units available to engineers. He has also 
indicated some of the advantages of such a 
system, The writer wishes to state what 
seems to be the most important consequence 
resulting from the use of the mks system, 
and to present views concerning the useful- 
ness of this system as compared to the cgs 
system. 

The most important consequence that 
would result if the mks system were to re- 
place the centimeter-gram-second (cgs) 
system is the necessity of including perme- 
ability as a factor in many electrical equa- 
tions, particularly those that include both 
electrical and mechanical quantities. In 
the cgs system, the permeability of every 
fluid in common use is so near unity that 
equations frequently are written without 
including permeability, whereas in the mks 
system the permeability of every such sub- 
stance is 10-7. In most problems concerned 
with conductors surrounded by a fluid, 
engineers who employ the cgs system usually 
omit the symbol for permeability, since it 
does not enter in a numerical calculation; 
however, in the mks system every equation 
must contain permeability as a factor, and 
its value of 10-7 must be introduced in 
computing numerical results. Whether this 
consequence is an advantage for one system 
or the other cannot be decided beforehand. 
The mks system will appeal to some 
engineers because it requires more precise 
thinking; to others the cgs system will 
seem to be simpler. 

The writer wishes to discuss the advan- 
tages Kennelly claims for the mks system. 
In the first advantage he lists, he calls at- 
tention to the simplification introduced 
because all conversion factors between the 
mks and practical systems are unity, whereas 
in the cgs system various powers of 10 are 
required. This advantage must be balanced 
against the disadvantage of having to intro- 
duce a numerical value for the permeability. 
In other words, the remembering of powers 
of 10 should be contrasted with the neces- 
sity of remembering for each application 
whether permeability is a factor in the 
numerator or denominator, and whether 
the first power or the square root must be 
employed. 

The second advantage listed by Ken- 
nelly is that the mks system requires no 
accompanying electrostatic system. This 
is not discussed in any other part of the 
paper. It is supposed that electrostatic 
formulas, such as the one for computing 
the capacitance of a capacitor from its 
mechanical dimensions, are intended to 
contain a function of the velocity of light. 
However, in this respect it is no different 
from the cgs electromagnetic system in 
which all electrical and magnetic quantities 
can be expressed. The electrostatic system 
has survived because of its usefulness in 
certain problems. It is not a necessity in 
the cgs system. 

The third advantage claimed by Ken- 
nelly for the mks system is the absence of 
fractional exponents in dimensional for- 
mulas, and he refers to Giorgi’s recent pub- 
lication on the subject. If Giorgi’s state- 
ments are interpreted correctly by the writer, 
he has accomplished this simplification by 
selecting a different physical quantity as 
one of the fundamental quantities in terms 
of which the dimensional equations are 
written. Giorgi states “it does not matter 
whether we put the fourth fundamental into 
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the permittivity of a dielectric or take the 
coulomb or the ohm or the volt itself as 
fundamental, except that the latter course 
leads to the simpler results.” The di- 
mensional equations are entirely independ- 
ent of systems of units, and depend only 
on the physical quantities employed as the 
fundamentais. However, if some quantity 
other than permeability is chosen as the 
fundamental, permeability has a dimension 
and cannot be treated as an abstract num- 
ber. For example, if current is the fourth 
quantity, permeability has the dimensions 
of a force divided by the square of the cur- 
rent, whereas, if inductance is the fourth 
quantity, permeability has the dimensions 
of inductance divided by length. It seems 
that the discussion of dimensional equations 
might well be entirely separated from the 
discussion of systems of units. 

The writer does not believe that Kennelly 
considers the last 4 advantages he lists to 
be of great importance. Hence, instead of 
discussing them, some of the adjustments 
in our mental processes that will be re- 
quired if the mks system is to come into 
general use may be discussed to advantage. 
Many of the constants in daily use will have 
quite different values in the mks system 
from those with which engineers and 
physicists are familiar. For example, the 
permeability of iron, which has values rang- 
ing from 1 to 105 in the cgs system, would 
have values from 10~7 to 0.01. This is 
particularly awkward because no name has 
been given to permeability; consequently, 
the metric prefixes cannot be applied. 
Another change that will be troublesome is 
the new form that must be given to some 
familiar equations. For instance, the equa- 
tion connecting the permeability u of a 
medium with its susceptibility K, which in 
the cgs system has the familiar form » = 
1 + 47K is not applicable in the mks 
system. 

The writer does not see how the mks sys- 
tem can come into general use until its 
nomenclature is completed and tables of 
physical constants are prepared in which 
values are expressed in the mks system. 
Then, to quote Giorgi, ‘‘Future practice 
will show which units are the most conveni- 
ent for every particular purpose and the 
law of the ‘survival of the fittest’ will 
receive application.” 


R. E. Hellmund (Westinghouse Elec. and 
Mfg. Co., East Pittsburgh, Pa.): As an 
engineer, the writer is decidedly in favor of 
the adoption of the mks system of units 
for the various reasons given in the paper. 
With regard to the choice of a fourth 
unit, it appears that the I.E.C. has limited 
its consideration to the 7 practical units, 
namely, coulomb, ampere, volt, ohm, 
henry, farad, and weber, and that various 
reasons have been given for the adoption 
of 1 of the first 4 of these units. This is 
perfectly natural, for each of these 4 units 
has certain advantages, depending upon 
the viewpoint and principal interests of the 
advocator. There are arguments in favor 
of the ohm and volt, because they can be 
used as reterence standards in laboratories; 
the ohm in particular can be used as an 
international reference standard the same 
as the meter and kilogram. Many teachers 
favor the coulomb because it represents 
the unit quantity of the medium dealt 


with, and therefore forms a natural basis 
for teaching the entire system. The ampere 
is favored by others, becatse it is directly 
connected by simple relations, not only with 
the fundamental basis of the system, but 
also with other electrical and magnetic 
magnitudes. The writer believes that 
under such conflicting circumstances it will 
be very difficult to make a choice from the 
4 favored units. 

In contrast to the position taken by the 
I.E.C., it seems that the Consultative Com- 
mittee on Electricity, of the International 
Committee on Weights and Measures, and 
also the S.U.N. Committee of the Inter- 
national Union of Pure and Applied Physics 
lean definitely toward the use of permea- 
bility (10~7 in the unrationalized system, or 
4r10~7 in the rationalized system) as the 
connecting link. It seems that it would be 
worth while for the I.E.C. to give this pro- 
posal serious consideration, as it not only 
would avoid any possible conflict between 
the mks and the cgs systems but also it 
might facilitate an early agreement among 
the various international bodies concerned. 


W. H. Michener (nonmember; Carnegie 
Institute of Technology, Pittsburgh, Pa.): 
The writer’s purpose is to encourage co- 
operation between electrical engineers and 
physics teachers. It is evident that such 
co-operation is necessary. Most electrical 
engineers received their first formal in- 
struction in electricity from their physics 
teachers and physics teachers must depend 
on electrical engineers for equipment and 
instruments, and for the development and 
application of the principles they try to teach. 

There is much disagreement among both 
physicists and engineers on the subject of 
units. The adoption of the mks system is 
a big step in advancement, but there are 
many details of the system still to be worked 
out. One important question is that of 
rationalization, that is, the location of 
the 4 that must appear in certain equations. 
It is the belief of the committee on units of 
The American Association of Physics 
Teachers that the question should be de- 
cided so that both forms of equations would 
not be in the mks system. Which choice 
is made is not so important as that a choice 
be made. The writer should like very much 
to get the opinion of any electrical engineers 
who have considered the matter. Electrical 
engineers apparently use the ampere-turn 
as a unit of magnetomotive force. Do they 
wish this to be the only such unit in the 
mks system, or do they wish a unit of 4x 
ampere-turns? The numerical work in 
most problems appears to be identical. If 
the 4x is avoided in computing H, it still 
must be used in computing B. 

What is taught in elementary physics 
eventually will be used to a considerable 
extent by electrical engineers. The preva- 
lence of unrationalized units in electrical 
engineering practice is due, no doubt, to the 
fact that they were used almost exclusively 
in elementary physics texts, but in addition, 
apparently there has been use for some 
rationalized units, such as the ampere-turn. 
Now if a rationalized system is taught, will 
it be necessary or desirable to introduce any 
other units? Physics teachers would like 
to teach the system that would most nearly 
satisfy all needs. They cannot hope, of 
course, to include in a system such hybrids 
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as ohms per foot and maxwells per square 
inch. 

In discussing the influence of physics 
teaching, the writer should mention one 
place in which that influence has been detri- 
mental. It is on the subject of fundamental 
quantities and dimensions. -A few faulty 
statements appearing in physics texts, and 
handed on from book to book, have caused 
endless arguments and misunderstandings. 
The word fundamental perhaps is mislead- 
ing. The dimensions of a unit are quite 
arbitrary, and depend on the equations and 
definitions adopted—not upon any in- 
herent physical nature of the quantity being 
measured. 

H. L. Curtis has mentioned the changes 
in the numerical value of permeability that 
will be necessary in the mks system. It 
seems that there will be need for a relative 
permeability whose numerical value is the 
same as the familiar permeability in the 
egs electromagnetic system. To find the 
absolute permeability it is then necessary 
only to multiply present tabulated values 
by the constant 1077 or 44 1077 which may 
be called the permeability of free space. 


C. H. Sharp (consulting engineer, White 
Plains, IN. Y.): The action of the I.E.C. in 
adopting the Giorgi system has the effect 
of changing the status of ordinary electrical 
units from that of derived units of the cgs 
system to that of primary units in an inde- 
pendent absolute system. Evidently the 
meter, kilogram, and second make just as 
logical a basis for a system of mechanical 
units as do the centimeter, gram, and second. 
By making a proper association, our 
ordinary electrical units become a part of 
that system. Such an association was 
required in the cgs system, and for the pur- 
pose of binding a particular system of elec- 
trical units to the cgs system, the permea- 
bility of free space was assumed to be unity. 
A similar association could be effected in 
the mks system by taking the value of 1077 
for this quantity, and this would seem to be 
a logical procedure. Alternatively, one of 
the electrical units could be designated as 
a basic unit, and the effect would be the 
same. 

The relative convenience or inconvenience 
of a rationalized, as compared with an un- 
rationalized system of magnetic units, 
seems to depend somewhat on the particular 
field of work in which they are to be used. 
Historically our present system was built 
from the point of view of the magnetist, to 
whom the unit magnetic pole was the start- 
ing point in establishing a system of units. 
A magnet pole of unit strength was defined 
readily a pole that would exert a unit force 
on an equal pole placed at a unit distance 
from it. When the concept of magnetic 
flux became of practical importance, and a 
unit of flux was required, it was optional to 
choose as such unit either the total flux 
from a unit pole or the flux through a unit 
solid angle from such pole. Actually the 
unit of flux was defined as the flux through 
a field of unit strength and unit area. This 
is equivalent to defining it as the flux from 
a unit pole through a unit solid angle, and 
as a result the total flux from a unit pole is 
47 units. 

This was quite satisfactory to the mag- 
netist dealing with unit poles and unit 
fields, but in electromagnetics the matter is 
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somewhat different, for the magnetic flux 
is established in another way, namely, by 
electric currents, and a basis different from 
the ficticious unit pole is found on which 
the definition of the unit of flux can be set 
up. Flux is now the fundamental quantity, 
and the relationship between flux and cur- 
rent that causes it becomes the starting 
point of the definition. With the present 
definition of unit flux, 47 appears inconven- 
iently in this relationship, which is the 
fundamental one in electromagnetic calcula- 
tions. The rational thing to do is redefine 
the unit of flux so as to eliminate 47 from 
the fundamental relationship. The result 
is the same as if the total flux from a unit 
pole were taken as the unit. The trouble- 
some 47 is not abolished, but is removed 
from the places in which it is most objection- 
able. Whether this change should be made 
evidently is a question that should be an- 
swered by those having the greatest 
practical interest in it. 

It is interesting to consider the somewhat 
analogous system of photometric units. 
In this system the unit point source of light 
is the only practical starting point, and the 
unit of luminous flux must be derived from 
it. As before, this unit might be taken as 
the entire flux from a unit point source or 
the flux from such a source in a unit solid 
angle. The latter is by far the more ad- 
vantageous choice. It allows illumination 
to be expressed and computed either in 
terms of candle power divided by the square 
of the distance, or as the lumens per unit 
area. The 47 constant is taken care of in 
the standardizing laboratory by standardiz- 
ing lamps in terms of either lumens or candle 
power; nevertheless, some multiple of a 
crops out in other less important places, 
as in the computation of the luminous flux 
from extended sources. 


C. L. Dawes (Harvard University, Cam- 
bridge Mass.): In this paper A. E. Kennelly 
describes the mks system of units on which 
the International Electrotechnical Com- 
mission finally has reached unanimous agree- 
ment. In general the system is the usual 
practical system heretofore derived from 
the cgs electromagnetic system by changing 
the unit of length to 10° centimeters and 
the unit of mass to 10~" grams. The 
electrical units themselves in reality are the 
units of the practical system. 

Instead of being an offshoot of the funda- 
mental cgs system, the practical system now 
becomes an independent one derived funda- 
mentally from the meter, kilogram, and 
second. So far as the usual practical meas- 
urements of electrical quantities are con- 
cerned, one scarcely will feel any effect of 
the adoption of this mks system. In the 
writer’s opinion, it is highly advantageous 
that a single system now has been adopted 
as an international standard. : 

It is pleasing, however, to learn that no 
attempt is made to abolish the cgs magnetic 
and electrostatic systems, for it is believed 
that the respective magnetic and electro- 
static units of these 2 systems are far supe- 
rior to those of the mks system for the 
development of analytical relationships and 
for the usual computations in the magnetic 
and electrostatic circuits. For example, 
the cgs systems are based on unit poles and 
unit charges, so that they are not only easy 
to visualige, but also they are expressed in 


the simple quantities of the dyne, centimeter, 
and erg, and the coefficients are x or simple 
integers. In a number of years of teaching 
experience, the writer never has experienced 
any difficulty in teaching students to under- 
stand and use these units and convert 
them to the practical system when neces- 
sary. Students visualize very readily the 
concept of the 4m lines that emanate from 
the unit pole or unit charge. 

In electrostatics, both elementary and 
advanced, which is the writer’s particular 
field, it is found that the developments of 
complicated relationships may be accom- 
plished in a very simple and direct manner 
if the cgs system is used. This simplicity 
is doubtful if attempts to use the mks 
system were made. 

Another factor that will prolong the lives 
of the 2 classical cgs systems is that it is 
difficult to break with a past having such a 
substantial and extensive development, with 
the accompanying literature contributed by 
such outstanding scientists as Faraday, 
Kelvin, Ewing, Weber, Henry, Maxwell, 
and others. 

The writer is inclined to disagree with the 
author’s advantages 1 and 2, which relate 
to the elimination of conversion factors and 
the ease of making electrostatic computa- 
tions in the mks system. Practically the 
only conversion factors needed in the ordi- 
nary uses of the cgs systems are 10-8 in the 
magnetic system for converting abvolts to 
practical volts and 9 X 10!! for converting 
statfarads to farads. Sometimes the factor 
300 is used to convert statvolts to practical 
volts. It is not difficult to remember any 
of these other factors. 

On the contrary, space permittivity in the 
mks system, instead of being unity for the 
simple unit cube now is 8.854 X 107! or 
1.118 X 107° depending on whether the 
system is rationalized or wunrationalized. 
Likewise, reluctivity is 0.7958 XX 10® in- 
stead of the reluctance of the simple. unit 
cube. None of these factors is easy to 
remember. 

The advantage (3) of eliminating frac- 
tional exponents does not appear to be a 
real one, since in ordinary usage as stated 
above, one seldom converts any units 
involving fractional exponents when em- 
ploying the 2 cgs systems in practical work. 

In order to hasten the establishment of 
the mks system, it appears that either the 
rationalized system or the unrationalized 
system should be standardized next. As 
Kennelly states, at present the disagree- 
ments cannot be reconciled, but undoubtedly 
in the near future the trend toward one or 
the other may become suffictently pro- 
nounced to swing the minority into agree- 
ment. The writer prefers the unrationalized 
system, for it is more simple to visualize 
47 lines emanating from a unit pole or 
charge in all directions instead of a single 
line with no determined direction. As to 
the fourth quantity needed to define the 
system, the writer is inclined to agree with 
Campbell that the volt is most desirable, 
since it is a very tangible quantity. In 
practical work it is specifically defined and 
measured in terms of the saturated Weston 
cell. 

For a number of years Kennelly has given 
much of his time and energy in the interest 
of standardization of units and nomen- 
clature and the writer believes that all 
should be grateful to him as the United 
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States representative for his part in bring- 
ing about at last the international stand- 
ardization of a practical system of electrical 
units. 


A. A. Nims (Newark College of Engineering, 
Newark, N. J.): A noteworthy feature of 
A. E. Kennelly’s report is the reduction of 
the fundamental electrical units from 5 to 
4. To the fundamental units of length, 
mass, and time, which are sufficient for 
computing mechanical energy, there is to 
be added a fourth unit for the electrical 
computation, as there is a fourth unit, 
temperature, for the computation of the 
thermal energy. 

With regard to the selection of the fourth 
unit for electrical phenomena, it has al- 
ready been pointed out that there are 3 
viewpoints to consider: first, that of the 
educators, who have to explain the units, 
both fundamental and derived, and their 
relationship; second, that of the experi- 
menters who have to prepare, maintain, 
and compare the material embodiments of 
the necessary units; and third, that of the 
designers who have to calculate in terms of 
these units. 

The third viewpoint seems to be in a 
favored position, for the present proposal 
is to make the practical units, in which 
practically all engineering computations 
are made, fundamental for scientific compu- 
tations also. Concerning the other 2, it 
is questionable whether it is essential that 
the standard units of reference and com- 
parison be those that are fundamental 
philosophically, or conversely, whether it 
is necessary that our philosophy of physical 
units be founded upon the 4 most con- 
venient to produce in material form. 

In this connection, it is pertinent to 
mention that for years the international 
prototypes have not been the centimeter 
or the gram, but the meter and the kilogram. 
Here the ratio between a fundamental unit 
and its prototype is one of magnitude. 

It may not be equally proper for a ma- 
terial. standard of reference to be only a 
physical factor or component of a funda- 
mental unit, but some consideration is due 
a suggestion recently made to the writer; 
that is, that a meter-joule-second (mjs) 
system might be philosophically as funda- 
mental as an mks system, since energy is the 
one real entity in the physical world. Ad- 
mittedly it might be somewhat inconvenient 
to maintain a standard joule for comparison, 
but its mechanical components already have 
been standardized. 

From this aspect, it would seem that one 
of the electrical components of energy 
would be a more appropriate fourth unit 
than one of the properties of space or matter. 


Ermst Weber (Polytechnic Institute of 
Brooklyn, N. Y.): In table I of the paper 
the personal names for the mechanical 
mks units of pressure and force are missing. 
In a previous paper (‘A Proposal to Abolish 
the Absolute Electrical Unit Systems,” 
Ernst Weber. A.I.E.E. Trans., v. 51, 
Sept. 1932, p. 728-42) the writer proposed 
for the unit joule per meter the name ‘“‘new- 
ton.” It seems fitting and proper to 
employ Newton’s name for the fundamental 
unit of force in the final international system 
of units. From this fundamental unit 
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would follow the unit of pressure as newton 
per meter squared and the unit of torque as 
newton-meter. This would facilitate the 
use of the mks unit within a gravitational 
dimension system having as fundamental 
dimensions length, force, and time. The 
need for such a dimension system is obvious 
in all engineering fields, and its use is be- 
coming more and more predominant. The 
system as a gravitational system then 
could be suitably called the meter-newton- 
second (mns) system of units. 

Inasmuch as the I.E.C. did not commit 
itself as to the fourth fundamental unit 
needed to obtain a comprehensive unit 
system, the writer should like to repeat the 
suggestion advanced in the foregoing refer- 
ence, namely, to take charge as the fourth 
fundamental quantity. The coulomb 
should be chosen as the unit. Since all defi- 
nitions of electrical quantities are based 
upon observable effects, either of mechanical 
or chemical nature, it seems irrevelant 
which one of the 7 units would be chosen as 
fourth fundamental unit. In favor of the 
charge it could be said that it is the only 
quantity having a natural unit in the elec- 
tron or similar fundamental elementary 
charges. Readily available standards would 
be possible only for resistance; however, 
the difficulty in maintaining such standards 
over a long period of time is well known. 
Any theoretical definition of the ampere 
would be based upon the force action of 2 
currents, just as the definition of the coulomb 
is based upon the force action of 2 charges. 
To use resistance as a convenient secondary 
standard is permissible in any case; the 
reduction of resistance to a secondary stand- 
ard, moreover, has the added advantage that 
it would not be necessary to try to produce 
a standard of absolute accuracy, for all of 
these secondary standards could be com- 
pared at any time by absolute measure- 
ments with the fundamental unit of charge. 

The choice of charge as the fundamental 
unit has been promoted also by D. Germani 
(Rev. Gen. de l’Elec., v. 32, July 9, 1932, p. 
39-50) and by G. A. Campbell (Nat. Re- 
search Council Bul. No. 93, 1933, p. 48-73), 


A. E. Kennelly: The interesting and valu- 
able discussion seems to have called for 
emphasis on the following points: 

1. The I.E.C., in adopting the mks 
system, has made clear that the classical 
electric and magnetic cgs systems of Max- 
well are in no way disturbed or interfered 
with. These systems have done so much 
valuable service to science over so many 
years, and scientific literature is so per- 
meated by them, that their use must be 
expected to continue for a long time to come. 
If the Giorgi system meets with sustained 
approval, so that textbooks and papers 
are written in it to an increasing extent, it 
might be possible for the mks system ulti- 
mately to supersede the cgs system in all 
branches of science, but if so, the process is 
likely to be so gradual that the date of its 
completion is the vanishing point in the 
picture of our present scientific perspective. 
It is not incumbent upon us to speculate 
over an outcome so remote. 

2. It would, of course, be desirable to 
have the question settled as to whether the 
Giorgi system should be rationalized or 
nonrationalized in the fields of electricity 
and magnetism. That is a matter on 


which international agreement will have to 
be attained in order to reach a settlement. 
How could a single nation, or any small 
group of nations, hope to effect a settle- 
ment of such a question, by themselves? 
The question in one form or another has 
been before the world for some 50 years, 
since it was first presented by Heaviside. 
It has already twice come up for a vote 
in the E.M.M.U. Committee of the I.E.C. 
On each occasion there was a majority, 
but only a small majority, in favor of ration- 
alization, and it was decided to defer the 
matter until such time as there might be a 
closer approach to unanimity. Inthe S.U.N. 
Committee there has been evinced a dis- 
tinct majority for nonrationalization, but 
it has been by no means an overwhelming 
majority. The final agreement, if and when 
attained, should secure a marked preponder- 
ance of votes both among physicists and 
engineers, if open dissension is to be avoided. 
Both sides of the question must be studied 
and tried out, therefore, before seeking inter- 
national decision. 

3. In applied magnetics, it is the rela- 
tive permeability u/uo of a magnetic medium 
that is of principle concern to the engineer. 
This is, by general consent, a simple nu- 
meric, and is the same whether the mks or 
the cgs system is used. Similarly, in ap- 
plied electrics it is the relative permit- 
tivity ¢/e that is of engineering importance. 
Similarly, this is generally agreed to be a 
numeric, and is the same in both mks and 
cgs systems. It is often called the “di- 
electric constant.” These valuable nu- 
merical constants are independent of the 
system and of rationalization alike. 

4. The I.E.C. still has before it the un- 
settled question of a fourth fundamental 
unit for the Giorgi system, even though it 
is not necessary to wait for the decision in 
order to study and use the system. Valu- 
able opinions on the question of choice 
have now been rendered by the 2 scientific 
organizations to which the I.E.C. referred 
the question. The first of these opinions, 
that of the Consultative Committee on 
Electricity (Comité Consultatif d’Electri- 
cité) of the International Commission on 
Weights and Measures, appears in English 
translation as appendix I of the paper. 
The other, by the S.U.N. Committee (of 
the International Union of Pure and Ap- 
plied Physics), under the chairmanship of 
the late Sir Richard Glazebrook, is here 
presented in 2 documents: the formal reply 
of the S.U.N. Committee to the I.E.C. 
question and a less formal expression of 
opinion by Sir Richard Glazebrook, in a 
covering letter addressed to General Secre- 
tary Mr. C. le Maistre, of the I.E.C. It is 
probable that these 2 documents were the 
last scientific acts of Sir Richard Glaze- 
brook’s devoted service to science: lasting 
over so many years. As known by all, he 
was the secretary of the B.A. Committee 
on Electrical Units, and was also. director 
of the National Physical Laboratory, at 
Teddington. It was he who in 1904, at 
the International Electrical Congress of 
St. Louis, presented the resolutions that 
were then adopted and came to most useful 
fruition, namely: a. the establishment of 
the I.E.C., and }b. the establishment of an 
International Commission, representing the 
various national physical laboratories for 
the maintenance of electric and magnetic 
units and standards. The functions of this 
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latter commission have been since formally 
taken over and adopted by the Inter- 
national Convention of Weights and Meas- 
ures, at Sévres. The world of physics and of 
engineering thus owes a great debt of grati- 
tude to the work and devotion of Sir 
Richard Glazebrook. 

The I.E.C. still has to consider the im- 
portant question of the choice of a fourth 
fundamental unit for the Giorgi system. 
Whatever that decision may be, it is to be 
hoped that the standards embodying that 
unit, as well as all the other practical electro- 
magnetic units, may be those maintained at 
Sévres for the use of physicists and engi- 
neers alike. 


Repiy or S.U.N. Commission 
To I.E.C. QUESTION 


The following is essentially the full text 
of the formal reply of the S.U.N. Commis- 
sion of the International Union of Pure and 
Applied Sciences to a request by the I.E.C. 
for recommendations concerning the adop- 
tion of a fourth unit in the mks system. 

The $.U.N. Commission has given very 
careful consideration to the request of the 
I.E.C. for help in the selection of the fourth 
quantity which, in the view of the I.E.C., 
is required to complete the mks system of 
units, and desires to thank the I.E.C. for 
referring the question to the commission. 

Table I which accompanies this reply has 
been prepared to show the relation between 
some of the quantities concerned in the 
mks and cgs systems, respectively. 


pratique, définitions qui fixent pour ces 
unités des valeurs égales 4 des multiples 
décimaux exacts des unités du systéme 
C.G.S. électromagnétique.” 

The commission is pleased to learn from 
a letter (Nature, v. 186, July 20, 1935, 
p. 110) from Professor Marchant that at 
the I.E.C. meeting, although there is 
nothing in the minutes stating that the 
basis of the decision should be that the 
permeability of free space should be taken 
as unity, the reason why the question of the 
fourth unit was referred to the 2 Commit- 
tees concerned was that the commission 
was anxious that whatever was chosen 
should be consistent with the cgs system of 
units. Table I gives effect to this view. 

The $.U.N. Commission therefore recom- 
mends: 

That the table appended to this report be 
accepted generally as defining the relation 
between the cgs and the mks systems of 
units. 

The accepted system of electrical meas- 
urements is based on the reports of the 
British Association Committees on Stand- 
ards for Electrical Measurements, 1861— 
1870, 1880-1912. The committee in 1863 
decided to employ the “‘absolute’’ system of 
measurement which they explained in the 
following terms. 

“The word ‘absolute’ in the present sense 
is used as opposed to the word ‘relative’ 
and by no means implies that the measure- 
ment is accurately made or that the unit 
implied is of perfect construction; in other 
words, it does not mean that the measure- 


Table |—The Relation Between Quantities of the CGS Electromagnetic System and the 
Proposed MKS System 


Mag-_ _ Electro- 
netic magnetic Space 
Coeffi- Coeffi- Permea- 
System Length Mass Time cient cient bility Coulomb Ampere Volt Ohm 
Ho A po/ A 
CESuea lecentimeter...l gram... L seconde. Lise Lietare as ef 10-15... 10 mea. LOS eeuLO? 
MKS 2.0 meter. .....- 1 kilogram 1-second....10-7 ....1...... LOOT tet sae ickes tS Tra ier. Voneveels 


In a modern ‘‘Maxwell” theory of electricity the permeability of space, which is measured by the ratio 


po/A, is assumed to be a quantity having dimensions. 


units employed. 


Its value, therefore, will depend on the system of 


In the cgs system the permeability of space has been selected as the unit of permeability. 
Hence on this sytem, since A = 1, the value of yo is unity. 
and in the ‘‘rationalized’’ mks system it is 4a XK 1077. 


In the mks system the value of po is 1077 


At the same time the S.U.N. Commission desires to take this opportunity of placing on record their recog- 
nition of the fact that there are important electrical theories supported by a number of physicists in ac- 
cordance with which A = c the velocity of wave propagation and yoko is a pure number. 


The commission has consulted a large 
number of leading physicists and, with 
hardly any exception, the following resolu- 
tion, proposed by Dr. Abraham, Secretary 
of the International Union of Pure and 
Applied Physics, has been approved. 

“Considérant que lors de leur création 
les unités électromagnétiques du systéme 
pratique avaient été définis comme étant 
des multiples décimaux exacts des unités 
électromagnétiques cgs.” 

“Considérant que ces définitions initiales 
comportent plus de précision expérimentales 
et plus de securité que des définitions basées 
soit sur la conservation de certains étalons 
soit sur des techniques spéciales (colonnes 
de mercure, électrolyse).” 

“La Commission émet l’avis: 

Il n’y a pas lieu de modifier les définitions 
initiales des unités électriques du systéme 
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ments or units are absolutely correct but 
only that the measurement instead of being 
a simple comparison with an arbitrary 
standard of the same kind as that measured 
is made by reference to certain fundamental 
units of another kind treated as postulates.” 

The fundamental units selected were those 
of length, mass, and time. For the con- 
struction of standards of measurement the 
knowledge is required of the forces between 
electrical and magnetic quantities expressed 
in these fundamental units. Theory shows 
that, under the conditions assumed by 
Maxwell, one additional quantity is neces- 
sary, and is sufficient, to give us that knowl- 
edge. Theory also shows that this quantity, 
usually denoted by the: symbol po is a 
measure of the ‘permeability,’ the ratio, 
that is, of magnetic induction to magnetiz- 
ing force, in ‘free space” the medium in 


which the measurements are supposed to be 
made. On the cgs system the value of po 
is assumed to be unity. 

The mks system can be made absolute 
by the assumption of any convenient value 
for uo but, if the units of that system are to 
be the practical units of the C.G.S. system, 
the value (on the rationalized system of 
units the value will be 47 X 1077) of po 
must be 1077. 

In reply therefore to the request from the 
LE.C. the S.U.N. Commission recom- 
mends: 

That the fourth unit on the mks system 
be 1077 henry per meter, the value assigned 
on that system to the permeability of space. 


GLAZEBROOK’S OPINION ON THE 
FourtH UNIT oF THE MKS SyvsTEM 


Sir Richard T. Glazebrook expressed his 
personal opinion regarding the fourth unit 
of the mks system by means of the following 
letter addressed to C. ie Maistre, general 
secretary of the I.E.C.: 

Ballards Oak, 

Limpsfield, 

Surrey. 

30 November, 1935 
Dear le Maistre: 

It may, I trust, be helpful to add some 
remarks from myself in additon to the formal 
note which embodies the reply of the S.U.N. 
Commission to the question asked in the 
letter of June 27th from Dr. Kennelly. 

The object of the I.E.C., like that of the 
B.A, Committee in 1863, is to provide a 
consistent system of definitions and measure- 
ment of electric quantities, and it is clear 
that for many purposes the mks has ad- 
vantages over the cgs system. For electric 
measurements the mks system rests on the 
meter, the kilogram, and the second as 
fundamental units, with one quantity, po, 
connecting electrical quantities with these 
units. That is all that is necessary, and 
it is this aspect of the matter which is dealt 
with in the reply from the S.U.N. Com- 
mission. 

But the question may be viewed from 
another aspect; that of the mathematical 
theory of electricity. In the development 
of this theory we have to deal with a large 
number of electrical quantities which are 
connected together by laws expressed in 
the form of equations. Each term in such 
an equation is ordinarily the product of 2 
quantities. One of these represents the 
unit in terms of which the quantity is 
measured, and the other a pure number indi- 
cating the number of times the unit enters 
into the equation. Thus if Q represents 
the unit (1 ohm) a resistance of 10 ohms 
is properly represented by the symbol 109. 

Furthermore the unit may appear in the 
equation, raised to some power. Thus the 
area of a square whose side contains / 
units of length, each of unit length ZL, is ]? L? 
square units of length, while if C represents 
the unit of current, the watts required to 
maintain a current containing c such units 
in a given circuit is proportional to c?C?. 
LZ and € enter these equations each raised 
to the power 2. We may have expressions 
in which some unit occurs raised to the power 
n. In this case n is said to measure the 
“dimensions” of the unit in the equation 
and an eqttation connecting the units of 
measurement of the quantities concerned 
without reference to the numbers by which 
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our units are multiplied is known as a 
dimensional equation. 

Thus force is measured by the momentum 
produced per unit of time, and momentum 
by the product of the mass moved mul- 
tiplied by the distance traversed per unit of 
time. We therefore say that the dimen- 
sions of force are 1 in mass, 1 in length, and 
—2 in time, and write the dimensional 
equation as F = ML/T? where M, L, and T 
are the units of mass, length, and time we 
have selected to work with. We have thus 
formed a dimensional equation between 
force, mass, length, and time. You will 
excuse, I trust, this elementary explana- 
tion, but I desire to make my meaning 
quite clear. 

Now electrical theory enables us to form 
dimensional equations between all the 
various electrical and other quantities 
which occur in the theory. Moreover, we 
find that if we select any 4 (we cannot select 
C, E, and R, current, electromotive force, 
and resistance as 3 of the 4, for C = E/R 
so that the 3 quantities reduce to 2) of these 
quantities which are independent of each 
other, it follows from the theory that the 
units of all the other quantities can be ex- 
pressed in terms of these 4 units. 

To form dimensional equations between 
electrical quantities we need 4 independent 
“fundamental” units and these may be 
any 4 of the whole series of quantities con- 
sidered including mass, space, and time, but 
these equations will tell us nothing about the 
values of all the various numerical factors 
by which the units are multiplied in the 
series of equations required for the develop- 
ment of electrical theory; and without this 
knowledge we cannot construct practical 
standards of measurement. 

The knowledge needed is given us in an 
“absolute” system of ineasurement by 
taking as 3 of our fundamental quantities, 
the units of length, mass, and time, and 
combining these with an arbitrary value for 
wo, Which we may, if it is desired, call a 
fourth fundamental unit. Thus, a valued 
German correspondent, while insisting on 
the necessity for distinguishing between the 
establishment of methods of standardiza- 
tion ‘‘messtechnik”’ and electrical theory, as 
given in a series of mathematical equations, 
states: 

“The Giorgi system is fully determined by 
the following premises: 


1. The standards are m, kg, s, wo. 


2. Of its units, 3 agree completely with the stand- 
ards (m, kg, s) afourth unit is uo = 1077 (or 47-1077); 
all other units can be derived from these by the 
principle of coherence. 


3. If for any special purpose it is desired, or is 
necessary, to select 4 fundamental units every one 
can make his choice according to his own prefer- 
ence,” 


I have dealt with the questions raised in 
this letter more fully in papers which are 
being pritited, but felt it might be useful 
to state in a letter the principles involved, 
without more mathematics than is neces- 
sary for their comprehension. 

To sum up, if the mks system is to be 
adopted as an absolute system whose units 
agree with the practical units of the cgs 
system, it is necessary to assume 10-7 (or 
47-107) as the permeability of space and 
no other fourth unit is required. 

To establish such a system is clearly part 
of the task properly undertaken by the 
LPL GF 
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To tie up the future development of 
electrical theory by the statement that one 
of the existing units employed by electri- 
cians is to be treated as fundamental is not 
in my opinion a task which should be under- 
taken by the commission and might quite 
possibly prove (with our present knowledge 
of electricity) to be a retrograde step. 

I write this, not as chairman of the S.U.N. 
Commission, but as one of those who at St. 
Louis in 1904 heiped to establish the I. E.C. 
and who for many years took an active share 
in its work. As such, I desire to put on 
record my conviction that the selection by 
the I.E.C. of a fourth fundamental unit 
from among the practical units already 
adopted is unnecessary and might, as sug- 
gested to me lately by a prominent engineer, 
block scientific progress. But while this 
is so, I desire also to state my opinion that 
an mks system, based on the 4 quantities 
m, Rg, Ss, wo = 10~7 has distinct advantages 
for the electrotechnician. 

I have purposely avoided the question of 
rationalization but the letter applies, 
mutatis mutandts, to it also. 


Yours very sincerely, 


R. T. GLAZEBROOK 


Past Chairman of the Electrical Committee 
of the British National Committee, I.E.C. 


Earth Resistivity and 
Geological Structure 


Discussion of a paper by R. H. Card pub- 
lished in the November 1935 issue, pages 
1153-61, and presented for oral discussion 
at the electrophysics session of the winter 
convention, New York, N. Y., January 28, 
1936. 


C. L. Gilkeson (Edison Electric Institute, 
New York, N. Y.): Probably the 2 most 
important contributions to the study of low 
frequency inductive situations made by 
R. H. Card’s paper are: 


1. The data given in the paper will aid materially 
in making preliminary estimates of induced voltage 
in low frequency inductive exposures. In certain 
situations these estimates will be sufficiently accu- 
rate to eliminate the exposure from further con- 
sideration. 


2. In cases which cannot be so eliminated, field 
tests are necessary. The data given in the paper 
should prove useful in planning the type of test to 
be made and in giving some warning of the diffi- 
culties which may be encountered in making them. 


It is brought out in the paper that for 
exposures located in those parts of the 
country where the geological structure is of 
more recent formation, for instance, most 
of the Mississippi valley, estimates of earth 
resistivity may be made with considerable 
assurance that they will not depart widely 
from values that would be measured in such 
locations. 
posure is located in a part of the country 
where the geology indicates that the rocks 
are of the oldest geological age, and espe- 
cially where rocks of several different geo- 
logical periods are present, estimates of 
earth resitivity cannot be made with any 
degree of accuracy. For such situations 
preliminary estimates should be based on 
the highest value of earth resistivity to be 


On the contrary, when the ex- 


expected in such an area. In any case, if 
the preliminary estimates of induced volt- 
age indicate that a low frequency inductive 
co-ordination problem may exist, measure- 
ment of the actual coupling or earth resistiv- 
ity clearly is indicated as the next step in the 
study. In areas where the geological struc- 
ture indicates high resistivity, tests pref- 
erably should cover the entire route of the 
exposure since experience has indicated that 
wide variations of earth resistivity may be 
encountered within the limits of an exposure 
for such areas. 

An extreme case of such a situation was 
encountered in coupling tests made about a 
year ago in the southern part of South 
Carolina. Geological maps for this area 
indicated pre-Cambrian rocks and post- 
Cambrian intrusive rocks of igneous origin. 
The tests were made using a primary circuit 
about 50 miles in length, energized with 
ground return current at a frequency of 60 
cycles per second. Voltages were measured 
in ground return circuits of 500 to 3,000 
feet in length, laid parallel to, and near the 
center of, the energized circuit at separations 
up to 10,000 feet. Based upon many 
measurements made in an area of about 2 
square miles (2 miles along the length of 
line and one mile perpendicular) an average 
effective earth resistivity of about 14,000 
meter ohms was indicated. 

Tests were first made on a single array of 
exploring wires laid parallel to the line at 
various separations from it. These tests 
indicated that a variation in earth re- 
sistivity of 3 to 1 between adjacent explor- 
ing wires was not uncommon. Tests 
made in a number of 500 foot exploring 
wires at the same separation indicate that 
for consecutive 500 foot sections along the 
line variations of earth resistivity of 2 to 1 
were not uncommon. 

Large irregularities in earth resistivity 
have been encountered in tests made in other 
places where the geological structure indi- 
cated rocks of high resistivity and of 
different geological ages. Errors in calcu- 
lated coupling based upon measurements on 
one set of exploring wires may be large 
when the exposure is located in such an 
area. It is therefore highly desirable to 
appreciate this difficulty at the time tests 
are planned, and wherever practical to 
determine the coupling over the entire route 
of the proposed line. 

Although the foregoing discussion refers 
only to the magnitude of induced voltage, 
it is but one of a number of factors of a 
consideration of the importance of an induc- 
tive exposure. Other factors of equal or 
greater importance are the probable fre- 
quency of occurrence of induced voltages 
of various percentages of the. estimated 
maximum, the distribution of the induced 
voltages in the telephone plant, and the 
effect of these voltages. From the view- 
point of the communication company the 
effect of induced voltages depends among 
other things upon their duration and the 
type of telephone line. 


G. Wascheck (Bell Telephone Labora- 
tories, Inc., New York, N. Y.): R. H. 
Card’s attempt to correlate the results of 
a-c coupling tests and d-c_ resistivity 
measurements to the geological structure 
of the earth in particular vicinities repre- 
sents a notable advancement toward an 
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orderly classification of such data obtained 
over the entire country. Moreover, this 
work is believed to be of use in the estima- 
tion of resistivities in cases where tests have 
not been made and where such information is 
required for inductive co-ordination prob- 
lems. 

It is gratifying to see that recognition has 
been given to the effect of the earth at 
considerable depth upon the effective re- 
sistivity to be employed in computing the 
coupling of earth return circuits at power 
frequencies. Too little attention has been 
given to this, especially in d-c exploration 
tests where resistivities near the surface 
as well as several hundred, or even several 
thousand feet, below the surface must be 
investigated before an effective value for 
alternating current may be determined. To 
this point the figures in the appendix of 
the paper are pertinent, for they define the 
necessary limit of depth of exploration for 
several apparently uniform structures. In 
practice this rarely is so simple as stated. 
Usually 2 or more layers are indicated in 
the first hundred or more feet below the 
surface, and of such proportion that it be- 
comes difficult to determine even the 
probable distribution of currents between 
them at a given frequency, much less the 
effect or an underlying layer. However, 
an equivalent 2 layer structure, which is a 
fair electrical approximation to the actual 
earth, usually may be postulated. 

In Europe attention given to investiga- 
tions of this nature is shown in the prepara- 
tion of an electrical resistivity map of 
England, Wales, and South Scotland pub- 
lished by the British Electrical and Allied 
Industries Research Association, reference 
to.which is made in an article by Smith- 
Rose in the proceedings of the Physical 
Society of London, for September 1935. 


Parallel Inverter 


With Resistance Load 


Discussion and author's closure of a paper by 
C. F. Wagner published in the November 
1935 issue, pages 1227-35, and presented 
for oral discussion at the electrophysics ses- 
sion of the winter convention, New York, 


N. Y., January 28, 1936. 


C. C. Herskind (General Electric Co., 
Schenectady, N. Y.): The use of grid con- 
trolled mercury arc rectifiers has been 
proposed for inverters for applications in- 
volving frequency changing and d-c trans- 
mission. Many different types of inverter 
circuits have been proposed for these ap- 
plications, and the engineer is faced with the 
problem of deciding the relative merits of 
the various types. 

The writer wishes to point out that in- 
verter operation involves one problem not 
met in a rectifier circuit. This is the 
problem of commutation. Therefore, in 
order to compare the various types of in- 
verter circuits, it is essential to know their 
characteristics and limitations with respect 
to wave form and commutation. 

This paper provides a sound basis for the 
application of the parallel inverter; how- 
ever, in actual practice, a pure resistance 
load rarely is used, and the more usual 
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load consists of an inductor and a resistor 
in series. The writer would like to ask the 
author whether he has made any studies of 
circuits involving combination loads con- 
sisting of inductance and resistance in 
series. Another case requiring considera- 
tion is that of a counter electromotive force 
load of sinusoidal wave form. 

The method of analysis here disclosed 
should be extended to the analysis of other 
inverter circuits, in order that the engineer 
may utilize these circuits intelligently. 


C. F. Wagner: In reply to C. C. Herskind’s 
question regarding studies of circuits of a 
similar nature involving reactance as well 
as resistance in the load, the author refers 
him to a paper already submitted for pub- 
lication by the A.I.E.E.* This paper con- 
siders the characteristics of single phase 
parallel inverter circuits with static loads 
consisting of resistance and inductance. 


*Editor’s Note: This paper has been approved 
for publication and is scheduled for inclusion in a 
future issue. 


Current Harmonics in 
Nonlinear Resistance Circuits 


Discussion and author's closure of a paper by 
Thurston D. Owens published in the October 
1935 issue, pages 1055-57, and presented 
for oral discussion at the electrophysics session 
of the winter convention, New York, N. Y., 
January 28, 1936. 


Theodore Brownlee (General Electric Co., 
Pittsfield, Mass.): T. D. Owens has used 
roundabout methods in attacking a simple 
problem. Instead of the laborious use of 
determinants to evaluate the coefficients 
in his Fourier series, a direct solution that 
is applicable to any number of ordinates 
can be obtained. Any text dealing with 
the subject shows that if one lobe of a 
symmetrical sine wave is divided into g 
equal parts starting at zero degrees 


AP a ) : My sin mnh 
q 0 


where 

Am = maximuni value of the sine term of the mth 
harmonic 

My = value of the nth ordinate 
180° 


= distance between ordinates 


aA = 
q 

As Owens points out, only sine terms and 
odd harmonics are to be considered. 

Ordinarily g is taken as an even number, 
and since the wave is symmetrical about the 
90° or (q/2)th ordinate, it is found that all 
ordinates and their multipliers are paired 
except at 90°. Also the 0 and g ordinates 
are zero. Hence, for such a symmetrical 
wave, the preceding equation becomes: 


yeu 
An = => 1)" Mn Sin mn 6 + 
qd 1 


2 
— Maz sin m 90° 


The multipliers K used by Owens greatly 
simplify the calculations for any given value 


of 6. They can be easily calculated using 
the above equation. For example, when 
6; = Loe 


1 
Awe = [M, sin 15° + M, sin 30° + 


1 
... + Ms; sin 75°] + 6 M, sin 90° 
whence 6 equations of the simple form 
1 
Kin = 5 sin (7 ‘15°) 


It would seem that Owens’ table I has 
its rows and columns interchanged. 

The general application gives a method 
of determining the current harmonics in 
an arbitrary resistance network of which 
only the over-all volt-ampere character- 
istic is known. Such a roundabout pro- 
cedure is not necessary, for the 15 degrees 
ordinates of the current wave can be ob- 
tained directly from the volt-ampere curve 
and the 15 degrees ordinates of the applied 
voltage. If the 15 degrees ordinates of the 
current wave are known, the amplitudes of 
the various harmonics can be obtained 
directly by use of Owens’ table I (with rows 
and columns properly labeled). 

It should be noted that unless the volt- 
ampere characteristic of the resistance net- 
work follows an exponential law (which 
gives a straight line on log-log co-ordinate 
paper), the relative amplitudes of the vari- 
ous harmonics depend upon the magnitude 
of the sinusoidal impressed voltage. For 
example, if a linear resistor is placed in 
series with a “‘thyrite’’ resistor and a sinu- 
soidal voltage is applied, the current wave 
will contain pronounced harmonics at low 
voltages, but practically none at high volt- 
ages. 


A. A. Nims (Newark College of Engineer- 
ing, Newark, N. J.): T. D. Owens’ paper 
is interesting for its ingenious reduction of 
the problem to an exercise in harmonic 
analysis. The approach to this problem is. 
similar to the Runge-Grover method out- 
lined in the Bulletin of the Bureau of Stand- 
ards, v.9. There the solution is in general 
terms for a finite number of points or 
ordinates, and the simultaneous equations 
are simplified by the process of multipli- 
cation and addition, instead of being solved 
by determinants. It is suggested that forms 
of the type there outlined would be as con- 
venient and as economical of time as the 
procedure outlined by Owens. The writer 
has used them for a number of years and is 
developing them further. 


T. D. Owens: The discussions by Theodore 
Brownlee and A. A. Nims are distinct con- 
tributions to the subject covered in the 
paper. 

Brownlee points out that the K coef- 
ficients can be calculated with a mini- 
mum amount of labor by using certain 
standard formulas he gives. These formulas 
actually were used in checking the table of 
coefficients given in the paper, and their 
use is strongly recommended. 

Through a typographical error the 
columns and rows of the table of coefficients 
are reversed. If the subscripts of Kin, 
Kents Ken be madetoread Km, Km... Kn, 
the table will be correct as it stands. 
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News 


Of lastitute al | Related Activities 


Student Conference Held 
by South West District 


What has been said to be the most suc- 
cessful Student conference ever held by the 
Institute’s South West District (number 7) 
was held May 1-2, 1936, at the University 
of Arkansas, Fayetteville. The program 
included 2 Student technical sessions, a din- 
ner meeting, and the annual business meet- 
ing. The attendance consisted of 110 Stu- 
dents and 26 counselors, faculty members, 
and national officers, making a total of 136. 

The following papers were presented at 
the 2 Student technical sessions: 


A GrapnHicaL ANALYSIS OF THE HARMONICS IN A 
Crass A AmMpLiFIER, T. J. McMullin, Agricultural 
and Mechanical College of Texas, College Station. 


A Mercury Vapor Stroposcopn, K. E. Dueker 
and C. H. Sutter, University of Kansas, Lawrence. 


THE APPLICATION OF PHOTOELECTRIC CELLS TO 
CoLoRIMETRIC DETERMINATIONS IN Micro-CHeEmrI- 
cat ANALYSES, W. L. Pursell, Oklahoma Agricul- 
tural and Mechanical College, Stillwater. 


CuRRENT CONTROL IN D-C Arc WeLpinc Ma- 
CHINES, Frank M. Neil, Southern Methodist 
University, Dallas, Texas. 


A Srupy In RvuRAL ELECTRIFICATION, Philip R. 
Watson, University of Missouri, Columbia. 


ELECTROLYTIC CORROSION OF PIPE LINES, Vincent 
Lee Nealy, Rice Institute, Houston, Texas. 


CHARACTERISTICS OF IMPROVED REPULSION INDUC- 
TIon Moror, R. L. Fisher and K. O. Hanson, 
Missouri School of Mines and Metailurgy, Rolla. 


STARTING CHARACTERISTICS OF THREE-PHASE 
SeurrREL-CacGeE INpucTION Morors, P. R. Harris 
and C. E. Joseph, University of Arkansas, Fayette- 
ville. 


AN OPpTicaAL SELSYN DEVICE FOR AN ELECTRICAL 
TELEGRAPH, Elmer H. Schultz, University of 
Texas, Austin. 


CHARACTERISTICS OF MisMatcHED T TyPre FIL- 
TERS, Howard T. Pyle, University of Missour:, 
Columbia. 


An ELECTRONIC TUBE WATTMETER, Jerry Zaz- 
vorka, University of Texas, Austin. 


GENERATORS FOR WIND-ELEcTRIC Puiants, J. W. 
York, Kansas State College, Manhattan. 


CALCULATING BOARD AS APPLIED TO SMALL POWER 
Systpms, Mark Townsend, Texas Technological 
College, Lubbock. 


Prizes for Student papers were awarded 
as follows: First award in the graduate con- 
test was given to Howard T. Pyle, and first 
award in the undergraduate contest was 
given to Philip R. Watson, both of the Uni- 
versity of Missouri, Columbia. Each prize 
consisted of a certificate of award and choice 
of either Student or Associate A.LE.E. 
badge. In addition, each winner was given 
a plaque for the permanent possession of his 
Student Branch. 

At the dinner meeting held on the evening 
of Friday, May 1, the following addresses 
were presented: 


EarLy HISTORY OF ALTERNATING-CURRENT Sys- 


TeM, Donald E. Garr, Kansas State College, Man- 
hattan. 


Tue Next Firry Years in ELeEcrricaL EncI- 


838 


NEERING, F. J. Meyer (A’13, M’17), vice-president, 
South West District, A.I.E.E., Oklahoma City, 
Okla. 


The annual business meeting of the con- 
ference was held Saturday morning, May 2, 
with Counselor Chairman R. G. Kloefiler of 
Kansas State College, Manhattan, in the 
chair. Reports were made by the several 
Branch chairmen; some of the features of 
Branch organization and activities brought 
out in these reports are: 


1. The formation in the Branch of technical com- 
mittees similar to those of the national society. 
Each technical committee attempted to supply 
one or more programs and speakers for Branch 
meetings. 


2. The securing of some outside speakers of inter- 
est to all engineering students. 


3. Several short extemporaneous talks (of one 
minute duration) by Student members of the 
Branch at each meeting, 


4. Conduct of a course in the use of slide rule for 
freshmen and sophomores. 


An invitation from the A.I.E.E. Dallas 
Section to the counseiors to hold the next 
annual Student conference in connection 
with the District meeting in Dallas, Texas, 
in October 1936, was accepted, unanimously. 

Prof. J. S. Waters of Rice Institute, 
Houston, Texas, was elected counselor- 
chairman for the ensuring year. Confer- 
ence committee chairmen were: R. C. EIl- 
dredge, registration; W. H. Mapes, pro- 
gram; and L. C. Barry, dinner. 


South West District 
Meeting at Dallas 


Dallas, Texas, will be host to the 3 day 
meeting of the A.I.E.E. South West Dis- 
trict, October 26-28, 19386. At that time 
the $25,000,000 Texas Centennial Exposition, 
with its more than 50 buildings housing 
exhibits that depict art, science, commerce, 
industry, education, and culture, will be in 
full swing. 

The meetings and papers committee, 
under the chairmanship of Lee Cook, has 
been busily engaged for some time arrang- 
ing for a technical program of wide interest 
that will have special appeal for engineers 
in the Southwest. Other details will be 
announced in subsequent issues. 

The personnel of the District meeting 
committee making the arrangements is as 
follows: L. T. Blaisdell, chairman; F. J. 
Meyer, vice president, A.I.E.E. South West 
District; B. D. Hull; E. W. Burbank, 
hotels and registration; Lee Cook, meet- 
ings and papers; A. B. Emrick, entertain- 
ment and reception; E. T. Gunther, finance; 
H. G. Mathewson, transportation and in- 
spection; John Oram, attendance and pub- 
licity; J. S. Waters, chairman, committee 
on Student activities, 1936-37. 


Summer Convention at 


Pasadena Well Attended 


As this issue goes to press, the A.I.E.E. 
1936 summer convention at Pasadena, 
Calif., is being held. Attendance at initial 
sessions is reported to have been unusually 
large. The first day’s registration was 570, 
and on the second day it was estimated 
that an additional hundred registered, 
with more expected on the remaining days 
of the convention. 

At the annual business meeting of the 
Institute held on the first day of the con- 
vention, the report of the committee of 
tellers was presented and the following 
officers were declared elected, each to take 
office August 1, 1936: 


President: 


A. M. MacCutcheon, engineering vice president, 
Reliance Electric and Engineering Company, 
Cleveland, Ohio. 


Vice Presidents: 


A. C. Stevens, in charge of educational sales, 
General Electric Company, Schenectady, N. Y. 

O. B. Blackwell, manager of staff departments, 
Bell Telephone Laboratories, Inc., New York, 
INES 

C. Francis Harding, head, school of engineering, 
and director of the electrical engineering labora- 
tories, Purdue University, West Lafayette, Ind. 
L. T. Blaisdell, southwestern district manager, 
General Electric Company, Dallas, Texas. 

C. E. Rogers, chief engineer, Pacific Telephone and 
Telegraph Company, Washington-Idaho area, 
Seattle, Wash. 


Directors: 


K. B. Meachron, research engineer in charge of 
high voltage practice, General Electric Company, 
Pittsfield, Mass. 

C. A. Powell, manager, central station engineering 
department, Westinghouse Electric and Manu- 
facturing Company, East Pittsburgh, Pa. 

R. W. Sorensen, professor of electrical engineering, 
California Institute of Technology, Pasadena, 
Calif. 


National Treasurer: 


W. I. Slichter, professor of electrical engineering, 
Columbia University, New York, N. Y. 


The board of directors for the adminis- 
trative year beginning August 1, 1936, 
consists of these newly elected officers, 
together with the following hold-over 
officers: E. B. Meyer (retiring president), 
Newark, N. J.; J. B. Whitehead, Baltimore, 
Md.; C. V. Christie, Montreal, Que. ; 
R. H. Fair, Omaha, Neb.; Mark Eldredge, 
Memphis, Tenn.; W. H. Harrison, Phila- 
delphia, Pa.; N. B: Hinson, Los Angeles, 
Calif.; F. M. Farmer, New York, N. Y.; 
N. E. Funk, Philadelphia, Pa.; H. B. 
Gear; .Chicago,, Tils-sCaeRe Jones, New 
York, N. Y.; P. B. Juhnke, Chicago, IIl.; 
W. B. Kouwenhoven, Baltimore, Md.; 
Everett S. Lee, Schenectady, N. Y.; 
L. W. W. Morrow, New York, N. Y.; and 
G. C. Shaad, Lawrence, Kans. 

A full report of the various features of 
the summer convention is scheduled for 
publication in the August issue. 
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Additional Awards for 
1935 Institute Papers 


In addition to the national and District 
prize awards for papers presented before the 
Institute during 1935 announced in ELEc- 
TRICAL ENGINEERING for June 1936, pages 
754-5, the awards for Districts 8 and 9 have 
now been announced. These awards are: 


District 8 


Prize for best paper awarded to Abe Tilles (A’30) 
for his paper ‘‘Spark Lag of the Sphere Gap,’’ pre- 
sented at the Pacific Coast convention, Seattle, 
Wash., August 27-30, 1935. 


Prize for initial paper awarded to T. A. Rogers 
(A’31) for his paper ‘‘Test Values of Armature 
Leakage Reactance,’’ presented at the Pacific 
Coast convention, Seattle, Wash., August 27-30, 
1935. 


Prize for Branch paper awarded to F. N. Merralls 
for his paper ‘‘Recent Recording Technique for 
Immediate Playback,’’ presented at a joint meeting 
of California Institute of Technology Branch and 
Los Angeles Section, April 16, 1935. 


District 9 


Prize for initial paper awarded to T. J. Killian 
(A’35) for his paper ‘“‘Gaseous Discharge Lamps 
Having External Electrodes,’’ presented at a 
meeting of the Seattle Section, February 19, 1935. 


Prize for Branch paper awarded to R. J. Biele and 
D. W. Pugsley for their paper ‘“‘Some Polarity 
Characteristics of Sphere Gap Sparkover,’’ pre- 
sented at a meeting of the University of Utah 
Branch, May 14, 1935. 


Junior Engineers of 
Providence Organize 


In line with a suggestion made last fall 
by General R. I. Rees, chairman of the 
committee on professional training of the 
Engineers’ Council for Professional De- 
velopment (E.C.P.D.), the Junior Engineers’ 
Group for Professional Development of the 
Providence (R. I.) Engineering Society was 
- organized March 2, 1936. As plans mature 
and hopes are realized, it is expected that 
other centers of the engineering profession 
will try similar experiments. 

Following General Rees’s exposition of 
the junior movement, a committee of 12 
prominent engineers and educators of the 
Providence Engineering Society, with Alton 


Membership-—— 


Mr. Institute Member: 


C. Chick as chairman, distributed a pre- 
liminary questionnaire to 600 engineers 
not more than 5 years out of college and 
other young men definitely following lines 
of engineering activity. To form a nucleus 
for the organization, a selected group of 
20 junior engineers was appointed, who 
chose as officers Robert Anthony, Jr. (Yale), 
chairman, Roger P. Condon (M.I.T.), vice- 
chairman, and John R. Pearson (R. I. State), 
secretary-treasurer. In discussions relating 
to a program, this group agreed that per- 
sonal contacts and self-expression were the 
2 chief benefits to be derived from the pro- 
posed activities. 

In the meantime 151 replies to the 
questionnaire have been received. These 
may be classified as follows: (1) Interested 
in paper by junior engineers, 129; (2) in- 
terested in group discussion, 145; and (3) 
interested in formal study, 136. Thirty- 
seven topics for group discussicns were voted 
on, of which the most popular were: (a) 
Production control and time study, 39; 
(6) air conditioning, 26; (c) personnel re- 
lations, 26; (d) marketing, 14. The most 
popular of the 35 suggested topics for formal 
study were: (a) Business law, 54; (6) public 
speaking, 43; (c), cost accounting, 23; (d) 
differential equations, 14; and (e) power 
plant subjects, 8. 

At the first general meeting, held April 
20, and attended by 250 juniors, a program 


was proposed. At a subsequent meeting on ° 


May 4 several groups were set up, each with 
a junior engineer as a group leader. The 
management group is interested in manu- 
facture and managerial technique. The 
power group is concerned with steam plants, 
Diesel power, and general plant engineering. 
A third group contains those who wish to 
discuss the general economic background of 
the Providence industrial area. The con- 
struction contingent will not carry on study 
through group discussion but will have a 
class in formal study. There is also a ma- 
chine design group. Other groups will be 
organized as the need arises. 

Beginning next fall, it is proposed to en- 
gage the services of a lawyer to give a series 
of lectures on business law, including con- 
tracts and specifications. Twenty-five men 
are contemplating courses leading to the de- 
gree of master of engineering, probably at 
Brown University. 

To provide a constructive basis for dis- 


Membership work continues all the year, so as you may make 
contacts this summer with those who you think worthy to be invited 
to join the Institute; send their names to the chairman of your Section 


membership committee, who is working all summer also. 


Chairman, National Membership Committee 
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cussion, members will make contributions on 
certain topics or projects. For example, the 
machine design group will start a study of 
springs and their uses; the power group hopes 
to assemble and tabulate useful information 
oncombustion and air conditioning; while the 
economic group will consider such a project 
as “what business to embark on in Rhode 
Island if $100,000 were made available with 
which to do it.’”’ This latter project may be 
expanded to include other groups, because 
if a manufacturing enterprise is decided upon 
as the solution, construction engineers may 
study the building problem, power engineers 
the power equipment, machine designers the 
design and adaptation of machinery, and the 
management group personnel problems, 
plant operation, and estimates of cost. 

An interesting experiment in co-operative 
post-collegiate study thus has been launched 
by the E.C.P.D., which is an agency for get- 
ting engineers and engineering organizations 
to develop themselves and the profession. 


John Hays Hammond, 
Noted Engineer, Dies 


On June 8, 1936, John Hays Hammond, 
noted mining engineer, died of a heart attack 
at his home in Gloucester, Mass., at the age 
of 81. He was born in San Francisco, 
Calif., March 31, 1855, and received his 
early education in public and private schools 
in that city. His professional training was 
received at Sheffield Scientific School, Yale 
University, and at the Royai School of 
Mines, Freiberg, Saxony, Germany. 

His achievements are perhaps too well 
known to require detailed comment here. 
He examined properties in all parts of the 
world, and served as mining engineer in 
many different countries. He was one of 4 
leaders in a reform movement in the Trans- 
vaal, in Africa, during 1895-96. In his 
autobiography, published on his eightieth 
birthday, he referred to that time as the 
most critical period of his life. After the 
Jameson Raid, with which he was not in 
sympathy, he was arrested and sentenced to 
death; the sentence afterward was com- 
muted to 15 years imprisonment, and later 
he was released on payment of a fine of 
$125,000. Although he never was a candi- 
date for public office and refused such 
appointive offices as cabinet positions, he 
exerted a powerful influence in politics and 
statecraft both in the United States and in 
the British Empire. 


Annual Convention of Association of Iron 
and Steel Engineers. Approximately 35 
technical papers, covering every phase of 
steel mill operations, will be presented by 
leading authorities at the 32d convention 
and iron and steel exposition of the Associa- 
tion of Iron and Steel Engineers. This 
yearly meeting will be held in Detroit, 
Mich., September 22-25. Among the fea- 
tures of the convention will be the inspection 
trips to the Ford Motor Company and the 
Great Lakes Steel Corporation. The latter 
has just put into operation its new 96 inch 
hot strip mill, while the Ford Motor Com- 
pany recently completed and put into serv- 
ice a 54-inch hot strip mill. 
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Edison “Living Memorial” 


Endorsed by E.E.I. 


Without a dissenting vote the Edison 
Electric Institute, at its recent annual meet- 
ing in St. Louis, Mo., gave its endorsement 
to the “living memorial” now being estab- 
lished by the Thomas Alva Edison Founda- 
tion. Like other great industries that owe 
so much to Edison, the electrical industry 
will benefit from the plan of the Foundation 
since it is expected that many of those who 
are trained under the plan will make con- 
tributions to electrical development. The 
Foundation plans each year to select 100 
exceptional young people whose aptitudes 
especially fit them for further education in 
the careers they have chosen. These Edi- 
son scholars will be known as the “living 
memorial” to the great inventor. In addi- 
tion, the Foundation is to perpetuate Edi- 
son’s memory by preserving his library, 
laboratory, and shops at West Orange, N. J., 
where he spent so many active years de- 
veloping his great inventions. 

Owen D. Young, chairman of the board 
of directors of the General Electric Company 
and long identified with the electrical indus- 
try, is national chairman of the Thomas 
Alva Edison Foundation, and among its 
directors are the leaders of the electrical in- 
dustry as well as many who are prominent 
in education and other industries. An an- 
nouncement of the organization and officers 
of the Foundation appeared in the Novem- 
ber 1935 issue of ELECTRICAL ENGINEERING, 
page 1274. 


N.R.C. Committee on 
Insulation to Meet 


The Ninth Annual Meeting of the com- 
mittee on electrical insulation, division of 
engineering and industrial research, Na- 
tional Research Council, will be held at the 
Massachusetts Institute of Technology, 
Thursday, Friday, and Saturday, Novem- 
ber 5, 6, and 7, 19386. Contributions +o 
the technical program, reports on research 
in progress, and discussion in the field of 
dielectric theory and insulation should be 
sent to Dr. J. B. Whitehead (A’00, F’12, 
and past-president) chairman, The Johns 
Hopkins University, Baltimore, Maryland. 


Bradley Stoughton Becomes 
Dean of Engineering 


By recent action of the board of Trustees 
of Lehigh University, Bethlehem, Pa., Prof. 
Bradley Stoughton, head of the department 
of metallurgy, has become Lehigh’s first 
dean of engineering. The growth of engi- 
neering at Lehigh has continued steadily for 
many years, until finally co-ordination of 
the various engineering departments under 
one head became advisable. 

As secretary of the American Institute of 
Mining and Metallurgical Engineers from 
1913 to 1921 Professor Stoughton made a 
host of friendships throughout the engi- 
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neering world. During the stress of the 
war years he served on numerous national 
committees, In 1922, under the adminis- 
tration and support of President Harding, 
he prepared a report on the 12 hour day in 
the steel industry, resulting in the adoption 
of the 8 hour day. 

In 1923, he was called to Lehigh to occupy 
the chair in metallurgy left vacant by the 
death of Joseph W. Richards. Previous to 
his secretaryship, he had been adjunct pro- 
fessor of metallurgy at Columbia University 
with Prof. Henry M. Howe, and while there, 
in 1908, had written his “Metallurgy of Iron 
and Steel,” for 25 years the standard text 
in this field in the English language. In 
1922, he was elected president of the Ameri- 
can Electrochemical Society. 


Dean: Kimball 
of Cornell Retires 


The retirement, this year, of Dexter S. 
Kimball, dean of engineering at Cornell 
University, Ithaca, N. Y., recently was an- 
nounced. He was born in New Brunswick, 
Canada, October 21, 1865, and graduated 
from Stanford University in 1896. He 
went to Cornell in 1899, remaining until 
1901 when he became works manager for 
the Stanley Electric Manufacturing Com- 
pany. He returned to Cornell in 1904, and 
in 1920 he became the first dean of the 
combined colleges of engineering. 

Dean Kimball is a past-president of The 
American Society of Mechanical Engineers 
(1921-22), of the Society for the Promotion 
of Engineering Education (1922-23), and of 
American Engineering Council (1926-28), 
and has received many honors. He is the 
author of 6 well-known books, and has con- 
tributed many articles and papers to scien- 
tific and engineering periodicals. 


A.S.T.M. Committee on 
Insulating Materials Meets 


At a 2 day session on March 19 and 20 in 
New York, N. Y., committee D-9 on elec- 
trical insulating materials of the American 
Society for Testing Materials reported 
much progress in advancing its work. In 
addition to completing work with regard to 
revisions of standard and tentative specifi- 
cations and tests, there was outstanding 
discussion at the main committee and sub- 
committee meetings centering around such 
items as test cells for power factor and re- 
sistivity measurement of insulating oils, 
@electric strength test of sheet and tape 
material, and conditioning requirements. 
In connection with insulating oils, commit- 
tee D-9 has been attempting to secure a 
suitable test cell that would be inexpensive, 
but at the same time accurate and conven- 


ient touse. Several types of cells have been 
compared, and the laboratory results 
prompted considerable discussion. This 


involved the extremes in accuracy that 
might be desired by different interests, such 
as cable oil manufacturers, cable manufac- 
turers, and operating companies. It is 


reported that these discussions and tests 
are bringing to light the desired information 
concerning the exactness of the present 
knowledge and limitations of equipment 
and measuring devices for power factor and 
resistivity of liquid insulation. 

The committee is proposing a complete 
revision of the A.S.T.M. publication ‘“Ten- 
tative Methods of Testing Electrical Insu- 
lating Materials for Power Factor and Di- 
electric Constant” (D 150-35 T). In this 
revision, the limits of accuracy of the differ- 
ent methods recommended are discussed. 
In order to summarize and interpolate the 
large amount of data on life tests collected 
by subcommittee IV on insulating mineral 
oils, the chairman, E. A. Snyder, Socony- 
Vacuum Oil Company, and F. M. Clark 
(A’24) physicist, General Electric Company, 
have prepared a paper for presentation at 
the A.S.T.M. annual meeting in Atlantic 
City. This will give an up-to-date picture 
of the present knowledge of oxidation and 
sludging of oils. This subcommittee an- 
nounced that it is now ready to undertake 
“round-robin” tests to determine gas con- 
tent of insulating oil. 

A round-robin series of tests is to be un- 
dertaken in connection with the develop- 
ment of standard molds for use in testing 
molded materials. Another round-robin 
test is in progress dealing with power factor 
measurements of natural mica. This work 
is one of considerable technical difficulty 
and the committee now feels that it has de- 
veloped a method due to the application of 
pressure on the electrodes which appears 
very promising. Under the sponsorship 
of subcommittee III on plates, tubes, and 
rods, a test series to study heat distortion 
of insulating plates is to be started and this 
subcommittee plans other tests in connec- 
tion with identifying grades. 

One activity of subcommittee VIII on 
papers and fabrics has to deal. with the di- 
electric strength of tape material. The 
A.S.T.M. requirements have been criticized 
and study of the situation has resulted in 
definite work on the part of committee D-9 
to attempt to provide a method that will be 
satisfactory to all concerned. 

The special subcommittee on conditioning 
has been attempting to standardize the 
methods within the committee as far as 


Future AIEE Meetings 


South West District Meeting 
Dallas, Texas, Oct. 26-28, 1936 


Southern District Meeting 
Birmingham, Ala., Dec. 1936 


Winter Convention 
New York, N. Y., Jan. 25-29, 1937 


North Eastern District Meeting 
Buffalo, N. Y., May 1937 


Summer Convention 
Milwaukee, Wis., June 21-25, 1937 


Pacific Coast Convention 


Spokane, Wash., Date to be deter- 
mined 


Middle Eastern District Meeting 
Akron, Ohio, Fall 1937 
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Newly Elected A.I.E.E. National Officers 
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possible. At the present time, it is under- 
taking a study of ovens with a view to de- 
veloping a standard oven. In this work it 
will contact the manufacturers so that the 
final product will be satisfactory from a test 
standpoint and will be economical to pro- 
duce. 

T. Smith Taylor (M’21) professor of 
physics, Washington & Jefferson College, 
Washington, Pa., is chairman of A.S.T.M. 
committee D-9, and E. J. Rutan (A’20, 
M’29) superintendent, test bureau, The 
New York (N. Y.) Edison Company, Inc., 
is secretary. 


Schenectady’s Half Century 
of Electrical Progress 


To commemorate the 50th anniversary of 
the establishment of the electrical industry 
in Schenectady, N. Y., by Thomas Alva 
Edison, a celebration was held in that city 
June 12-13, 1936, under sponsorship of the 
local chamber of commerce. It was just 50 
years ago on June 14, which this year was on 
Sunday, that Edison took title to 2 aban- 
doned shops of the McQueen Locomotive 
Company as a new location for the Edison 
Machine Works, thus laying the foundation 
for a local industry which later developed 
into the present General Electric Company. 

To business and industrial leaders from 
all sections of the country attending the 
festivities, the outstanding event of the 2 
day celebration was a formal dinner on 
Friday evening for more than 500 invited 
guests at which the chief speakers were 
Owen D. Young, chairman of the board of 
directors of the General Electric Company, 
Dr. George R. Lunn, New York State public 
service commissioner, Charles A. Edison, 
son of the famous inventor, and W. S. 
Barstow (A’94, F’12, and life member), 
Edison pioneer and president of the Thomas 
Alva Edison Foundation. Dr. Dixon Ryan 
Fox, president of Union College, Schenec- 
tady, acted as toastmaster. 

Other events of the opening day’s cele- 
bration included a ceremony changing the 
name of Schenectady’s River Road to Rice 
Road in honor of E. W. Rice, Jr. (A’87, 
M’88, F’13, HM’33, and past-president; 
deceased November 25, 1935), pioneer elec- 
trical engineer and second president of the 
General Electric Company; cutting of a 
25 foot birthday cake; and turning on 
2 new sodium vapor lighting systems 
at either end of the city’s main thorough- 
fare. 

Events on the second day’s program in- 
cluded a flag-raising ceremony at the 
General Electric Schenectady works, fol- 
lowed by an open house at the works with 
members of the General Electric Quarter 
Century Club acting as guides for the more 
than 5,000 visitors who inspected the plant. 
In addition, there were various sports and 
entertainment features which drew a crowd 
estimated at 50,000 people from a radius of 
'75 miles. The community activity as a 
whole was said to transcend any previous 
celebration in Schenectady’s history. 

At the formal dinner, Mr. Young called 
attention to the lesson that the life and 
work of Edison holds not only for an 
individual, but also for an organization or a 
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After Turbogenerator Room in the Liner “Queen Mary 


Evecrricrry is used extensively in the operation of the new Cunard White Star liner 
“Queen Mary”’ and in providing for the comfort and convenience of the passengers. All 
deck machinery, such as steering gear, windlass, capstans, winches, etc., is operated elec- 
trically; in the boiler rooms all auxiliary machinery, with one or two exceptions, is operated 
by electricity. There are 2 independent but interconnected power stations on the liner. 
The forward power station supplies current for the hotel services and deck machinery and 


contains 3 1,300 kw units. 


The after power station, shown in the accompanying illustra- 


tion, contains 4 units of similar capacity and furnishes power for the pumps and boiler room 


auxiliaries. 


Each generator is driven at a speed of 600 rpm through gearing by a separate 


steam turbine running at 5,000 rpm. Each turbine is provided with a separate condenser, 
with independent vacuum-maintaining pumps, ejectors, and lubrication systems. 


nation. Remarking on the swift strides of 
electrical progress, he stated: “‘So rapidly 
came invention and improvement, fostered 
by research, that in this growing art it 
could never be said today that what is—is. 
It could only truthfully be said that what 
is—is not, in the sense that what is, is too 
obsolete. The whole history of the 50 
years shows that what is not—can be, and 
will be.’’ 

“Mr. Chairman,’ he concluded, ‘‘we 
celebrate tonight more than what has been. 
We celebrate the unreality of what is and 
the certainty of what istobe. By so doing, 
we assert that a nation, like a man, recovers 
from depression by confident effort and not 
by hopeless surrender. If that be the lesson 
of this occasion, you will have rendered the 
greatest service to your countrymen.” 

In his talk, Dr. Lunn traced the develop- 
ment of the electrical industry and its 
relationship to present-day improved stand- 
ards of living, and then drew upon a con- 
versation he once had with Steinmetz and 
Marconi to point a prophecy that electrical 
progress is still, as Marconi put it, “‘in the 
kindergarten class.” 

“We recognize as great,’”’ he remarked in 
conclusion, “those men who can make 2 
blades of grass grow where one grew before; 
what shall we say of the electrical industry 
which has made thousands of blades of grass 


grow where but one grew before? In all 
this work we recognize real creators of 
wealth—wealth which cannot be estimated 
in terms of money but in terms of greater 
ease, comfort, and happiness; this real 
wealth which may be enjoyed throughout 
all nations of the world who, I am sure, 
would join me in heartily congratulating you 
on this 50 years of progress.”’ 

Mr. Edison, after thanking the chamber 
of commerce for the tribute to his father, 
also prophesied continued progress for the 
industry. ‘‘The present is sometimes re- 
ferred to as the electrical age,’’ he said, 
“but Mr. Edison once remarked ‘Not until 
every task now done by human effort is 
being accomplished by the application of 
electrical energy shall we have a true elec- 
trical age.’ ”’ 

Mr. Barstow outlined the history of the 
Edison Pioneers and the events leading to 
the formation last year of the Thomas Alva 
Edison Foundation. He explained its pur- 
poses and its plans not only to commemo- 
rate the great inventor by erecting a perma- 
nent memorial tower at Menlo Park and by 
preserving his laboratory and library at 
West Orange, but also by creating scholar- 
ships to give financial aid to youths who 
show encouragement for scientific develop- 
ment but who are barred from the present 
type of scholarships. 
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New E.E.I. Officers. At the recent meeting 
- of the Edison Electric Institute held in St. 
Louis, Mo., election of the following new 
officers was announced: president, C. W. 
Kellogg (A’19, M’23) chairman of the board 
of directors of Engineers Public Service 
Company, New York, N. Y.; treasurer, F. 
H. Nickerson, Consolidated Edison Com- 
pany, New York, N. Y.; trustees, C. W. 
Kellogg, A. C. Marshall (A’14, F’29) vice 
president and general manager, Detroit 
(Mich.) Edison Company, and Edward 
Reynolds, Jr., president, Columbia Gas and 
Electric Corporation, New York, N. Y. 


A.S.T.M. Elects Officers. At the first 
session of the annual meeting of the Ameri- 
can Society for Testing Materials, Atlantic 
City, N. J., June 30, 1936, election of the 
following officers for the year 1936-37 was 
announced: President, A. C. Fielder, chief 
engineer, Experiment Stations Division, 
U.S. Bureau of Mines, Washington, D. C.; 
vice president, T. G. Delbridge, manager, 


research and development department, The 
Atlantic Refining Company, Philadelphia, 
Pa.; members of executive committee, O. U. 
Cook, assistant manager, department of 
metallurgy, inspection and research, Ten- 
nessee Coal, Iron, and Railroad Company, 
Birmingham, Ala. H. F. Gonnerman, 
manager, research laboratory, Portland 
Cement Association, Chicago, Ill., C. S. 
Reeve, manager, research development, 
The Barrett Company, Leonia, N. J., F. E. 
Richart, research professor of engineering 
materials, University of Illinois, Urbana, 
Ill., and F. M. Waring, engineer of tests, 
The Pennsylvania Railroad Company, 
Altoona, Pa. 


National Power Show. The management of 
the National Exposition of Power and Me- 
chanical Engineering has announced that 
the 1936 exposition will be held in New 
York, N. Y., from November 30 to Decem- 
ber 5, inclusive, coincidental with the annual 
meeting of The American Society of Me- 
chanical Engineers. 


PAeavericay Rercinecerite Gruncl 


Engineers’ Relations 
to Creating Employment 


All of the Washington palliatives have 
failed so far to make any real dent in the 
number of unemployed, according to the 
May “News Letter’ of A.E.C. Estimates 
of unemployed vary from 8 to 14 million, 
but the estimators, whether they are on the 
high side or the low side, have not changed 
their estimates materially in 3. years. 
Statistics on unemployment, of course, are 
notoriously inadequate, but the broad fact 
remains that the total number of unem- 
ployed today is approximately the same as it 
was 3 years ago. Outside of this simple 
fact, however, the employment situation is 
full of paradoxes. It is known that there 
is a definite shortage of skilled help in the 
building trades in some localities and if there 
should be any large advance in the machin- 
ery industries, there would be a dearth of 
skilled mechanics, toolmakers, and other 
trained craftsmen. 

As reported before in this ““News Letter,” 
the government policy, expressed in a nut- 
shell, continues to be a ‘“work-relief” 
policy under WPA. Many engineers are 
employed in the government, in PWA and 
WPA and in some 70 other departments or 
divisions, but indications are that during 
the months to come an increasing number of 
men will be dropped from the government 
payrolls and among these will be several 
thousand engineers. It should be fair to 
prophesy, therefore, that the employment 
of engineers by the government has reached 
its peak and that there will be a gradual 
recession in the number of those so em- 
ployed. Meanwhile, private employment 
of engineers slowly is increasing. One of the 
indexes of this increase is seen in the return 
of engineers to membership in local and na- 


Jury 1936 


tional engineering organizations. 

Engineers, however, have more than a 
personal relation to questions involved in 
national re-employment policies. With the 
return of more normal conditions, the engi- 
neer isan employment creator. Re-employ- 
ment of men in large numbers depends, 
fundamentally, on the re-employment of 
capital for the production of new materials, 
new machines, new buildings, etc. The en- 
gineer led and managed capital goods and 
construction industries still lag behind the 
so-called consumption goods industries. 
The fundamental reasons for this lie out- 
side the field of technology and in the realm 
of finance and economics. The public 
eventually must become conscious of the 
fact that the re-employment of capital 
underlies the re-employment of men, and 
until our national policies with regard to 
taxation, federal controls of industry prac- 
tices, and the determination of broad labor 
policies are settled, the normal processes of 
re-employment of capital will not take place. 
Meanwhile, there is an awakened interest in 
this whole problem outside of government. 
At the meeting of the U.S. Chamber of 
Commerce, several phases of the problem of 
re-employment were presented and a very 
real stimulus given to the thought that new 
products, new services, and new inventions, 
all engineer-created products, presented 
one of the most hopeful opportunities for 
the re-employment of capital and conse- 
quently the re-employment of men. 

Under the WPA, $12,000,000 was allotted 
last December for a study under a national 
research program of ‘re-employment oppor- 
tunities and the changes in the techniques of 
production.” This study is just getting 
under way under the direction of David 
Weintraub with headquarters at Philadel- 
phia, Pa. Some of the factors that are 
proposed include the measurement of the 


volume of technological unemployment, 
changes in productivity in selected groups of 
industries, and the historical analysis of the 
development of techniques in relation to the 
development and standards of living. 

There is need of engineering statesman- 
ship in a consideration of this total probleni. 
There is at present no basic statistical data 
upon which decisions can be made as to the 
influence of technology on employment. 
The government already is starting to tax 
payrolls for social security without knowing 
yet how-many people are employees and 
how many are employers. It seems evident 
that if tax payrolls be taxed to provide 
money for pensions, unemployment insur- 
ance, etc.. payrolls will be reduced. When 
this happens, probably someone will de- 
cide to tax machine output and we will 
enter a vicious circle of increased production 
costs, increased cost to the consumer, and a 
further reduction in the number of em- 
ployed. The A.E.C. committee on the rela- 
tion of consumption, production, and distri- 
bution has expressed the belief that an ‘‘econ- 
omy of abundance must replace an econ- 
omy of scarcity,’”’ to use the latest phrase, 
if we are to find the answer to a rising stand- 
ard of living in the United States. Several 
areas of this whole question can profitably 
be studied from an engineering viewpoint 
and it is anticipated that the committee on 
engineering economics of Council will give 
consideration to some of these questions. 


Standards 


| 


New Rotating 
Electrical Machinery Standards 


The recent publication in a single volume 
of American standards for rotating electri- 
cal machines marks an important step in the 
progress of standardization of electrical 
apparatus initiated by the A.I.E.E. in 1899. 
The present standard combined those stand- 
ards of the National Electrical Manufac- 
turers Association that are of general inter- 
est, and the entire scope of the former A.I.- 
E.E. standards for d-c, synchronous, and in- 
duction machines, synchronous converters, 
and a-c and d-c fractional horsepower mo- 
tors (former A.IJ.E.E. Standards numbers 
5, 7, 8,9, and 10 are now superseded by the 
new publication). 

The N.E.M.A. rules have related par- 
ticularly to manufacturing practice with re- 
spect to types of machines, values for rating 
purposes, dimensions, and structural de- 
tails. The chief purpose of A.I.E.E. stand- ’ 
ards on the other hand has been to define 
the terms and conditions that characterize 
rating and behavior with special reference 
to the conditions of acceptance tests. Un- 
der American Standards Association proce- 
dure the 2 sets of rules have been harmo- 
nized and an American standard, complete 
in all important items, is now available. 
This pamphlet (C50) of 100 pages is obtain- 
able from A.J.E.E. headquarters at a cost 
of $1.30 per copy with the usual 50 per cent 
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discount applying or single copies to A.I.- 
E.E. members. 


New Lightning 
Arrester Standards 


For quite a number of years the A.LE.E. 
through its committee on protective de- 
vices has been at work developing a stand- 
ard for lightning arresters designed for the 
protection of a-c power circuits. I he first 
2 reports of the subcommittee having direct 
charge of the work, under the chairmanship 
of I. W. Gross, American Gas and Elec- 
tric Company, were issued in pamphlet form 
for purpose of criticism. Following careful 
consideration of the suggestions received, 
the final report was approved by the Insti- 
tute and the American Standards Associa- 
tion, and became an American standard on 
January 30, 1936. To complete this stand- 
ard has been difficult because of the rapidity 
with which the art has changed. It seemed 
wise, however, not to await further develop- 
ments, but to establish these standards real- 
izing that they represent but a step in the 
progress of the art of protection of electrical 
equipment against the effect of lightning 
and other overvoltages. This standards 
pamphlet, A.J.E.E. number 28 (ASA- 
C62) can be obtained from A.I.E.E. head- 
quarters at a cost of 30 cents per copy with 
the usual 50 per cent discount applying on 
single copies to A.I.E.E. members. 


Revision of 


Oil Circuit Breaker Standards 


The committee on protective devices has 
developed a proposed revision of the present 
A.I.E.E. Standard number 19, Oil Circuit 
Breakers. This was presented to the 
standards committee at its meeting of April 
29, and in view of the fact that the oil cir- 
cuit breaker standard is now before the 
sectional committee on power switchgear, 
it was decided to arrange for the printing of 
the protective devices committee’s revision 
as areport on a proposed revision. This re- 
port is now in course of publication. 


Revised Sphere-Gap 
Spark-Over Voltages 


A revision of sphere-gap spark-over volt- 
age values as published in A.I.E.E. Stand- 
ard number 4 has been completed. The 
new data with statement on status is pub- 


lished in this issue of ELEcrRIcAL ENGI- 
NEERING, page 783. 


Test Code Proposed for 
Instruments and Measurements 


From several sources the standards com- 
mittee has received suggestions that there be 
developed a test code for instruments and 
measurements. Some material of this na- 
ture is now included in the other test codes 
already developed, as well as in an “‘Electri- 
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cal Measurements” section of the Power 
Test Code of the American Society of Me- 
chanical Engineers. However, as there is 
some difference of opinion on the necessity 
for a separate and complete code of this 
type, the standards committee at its meet- 
ing of April 29 referred the question to the 
instruments and measurements committee 
with a suggestion that they thoroughly in- 
vestigate the situation before taking any 
definite action. 


Revision of 


Automatic Station Standards 


An A.I.E.E. standard for automatic sta- 
tions, number 26, was originally approved in 
1928 and was revised in 1930. A further re- 
vised form was approved in January 1936. 
This standard was developed under the 
auspices of the committee on automatic 


stations of the Institute, M. E. Reagan, 
chairman. The standards committee di- 
rected that it be submitted to the American 
Standards Association for consideration as 
a possible American standard. Copies of 
the revised Standard number 26 will not be 
available until action by ASA is determined. 


Fuse Standards 
Report Approved 


At the April 29, 1936 meeting of the 
A.1.E.E. standards committee a report on a 
proposed standard for fuses above 600 volts 
was presented. This material was devel- 
oped under the auspices of the committee on 
protective devices of the Institute. The 
standards committee directed that the re- 
port be made available in pamphlet form 
for purpose of criticism and suggestion. 
The work of publication is now under way. 


Letters to the Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or other 
subjects of some generalinterest and professional im- 
portance. ELECTRICAL ENGINEERING will endeavor 
to publish as many letters as possible, but of 
necessity reserves the right to publish them in 
whole or in part, or reject them entirely. 


ALL letters submitted for consideration should be 
the original typewritten copy, double spaced. Any 
illustrations submitted should be in duplicate, 
one copy to be an inked drawing but without 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations. 


STATEMENTS in these letters are expressly under- 
stood to be made by the writers; publication here 
in no wise constitutes endorsement or recognition 
by the American Institute of Electrical Engineers. 


Registration 
of Engineers 


To the Editor: 


Referring to my address* on ‘‘Registra- 
tion of Engineers,” published in the August 
1985 issue of ELECTRICAL ENGINEERING, 
permit me to reply to the discussion* that 
has followed it in these columns, particularly 
that contributed by Arthur W. Berresford, 
past-president of A.I.E.E. 

Mr. Berresford has evidently given 
thoughtful study to the subject, but his 
conclusions are unfortunately impaired by 
the mistaken premises underlying his dis- 
cussion. 

In the first place, he assumes that the 
engineering profession may be categorically 
divided into 2 parts, engineers serving 


* An address presented at the A.I.E.E, summer 
convention, Ithaca, N. Y., June 24-28, 1935, and 
published in the August 1935 issue of ELECTRICAL 
ENGINEERING, pages 876-81. Letters commenting 
on this address have appeared in the “‘Letters to the 
Editor’” columns as follows: September 1935, 
pages 1014-16; October 1935, pages 1129-30; 
oa oer 1935, page 1421; February 1936, page 
217. 


the public and engineers in private or 
corporate employment, respectively, and 
that registration is designed to cover only 
the former classification. Any such division 
of our profession would be unfortunate. 
Registration is intended to cover the entire 
profession—all engineers, whether in public 
or private employ, whether working for fees. 
or salaries, consulting engineers, designing 
engineers, engineers in public office, in civil 
service, in public utilities, and in industrial 
corporations. This is a fundamental princi- 
ple and cannot be overemphasized. What 
our profession needs is the establishment of 
a clear-cut line of demarcation between the 
engineer and the nonengineer, and that is. 
the goal of registration. Any thought that 
registration is intended for only a fraction 
of the profession impairs our solidarity and’ 
retards the progress of our profession toward’ 
that goal. 

It is true that some exemptions are con- 
tained in our registration laws, but this: 
fact should not be made the basis for any 
confused thinking within the profession. It 
is not the engineer but the nonengineer- 
who is exempted; not the qualified man 
but the unqualified. Under these exemp- 
tions, nonengineers are permitted under cer- 
tain conditions to do work of an engineering- 
nature, but such exemptions do not make- 
any individual an engineer. To qualify 
as an engineer, with full professional rights: 
including the right to use the designation 
“engineer,” a mati must be registered. 

The exemptions that, regrettably, have: 
been written into our registration laws, 
generally as a matter of temporary expedi 
ency, do not represent the ultimate goal. 
They are being eliminated as rapidly as. 
conditions permit. In the New York State 
law, an amendment passed last year stops. 
the practice of engineering by corporations. 
unless the chief executive, all employees. 
doing responsible engineering work, and 
all employees bearing the designation “engi- 
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neer’’ are licensed professional engineers. 
This new requirement brings engineers in 
corporate employ or “engineers in industry”’ 
under the law. Any precedent set by New 
York State is important, because it covers 
nearly 1/; of the engineering profession 
in the United States. 

The second mistaken premise of Mr. 
Berresford is his acceptance of the 1930 U.S. 
census figure of 226,000 as the number of 
engineers in this country. This figure, 
frequently cited, merely represents the num- 
ber of individuals who, without regard to 
any established definition or qualification 
standards, recorded themselves in 1930 as 
“engineers’’ or in related classifications. No 
such figure of self-styled ‘‘engineers” is 
pertinent. Only a small fraction of that 
number are really engineers in the profes- 
sional sense and can qualify for professional 
registration. I estimate that there are 
less than 60,000, perhaps only £0,000, pro- 
fessional engineers in the United States. 
The rest of the 226,000 self-styled ‘‘engi- 
neers” are technicians, draftsmen, juniors, 
apprentices, timekeepers, students, labora- 
tory assistants, foremen, enginemen, con- 
tractors, mechanics, electricians, repairmen, 
plumbers, half-trained men, and impostors. 
Everyone who is connected with con- 
struction or industry seems to think he 
can consider himself an engineer, even 
though he lacks the professional education 
and training. Many of these are accepted 
for membership in certain technical societies 
and clubs, but they are not engineers and 
cannot meet the standards of professional 
registration. 

The spread between the estimated num- 
ber of 50,000 or 60,000 professional engi- 
neers in the United States and the recorded 
number of 35,000 now registered is explained 
by the fact of 13 states in which registration 
laws have not yet been enacted; 38 states 
in which the registration laws are incom- 
plete, covering only a fraction of the pro- 
fession; and 8 states in which the laws were 
enacted only last year and in which the 
procedure of registration is just commenc- 
ing. A few more years will practically close 
the gap. 

The revisions in registration laws sug- 
gested by Mr. Berresford are unacceptable. 
They are based on his misconception of the 
purpose of registration, and their adoption 
would serve to weaken the laws and to 
accentuate a cleavage in our profession. 

The enforcement cases mentioned in my 
address covered but 2 states for 1 or 2 years 
and did not purport to be a complete enu- 
meration. Moreover, the number of prose- 
cutions reported is no criterion of the effec- 
tiveness of the registration laws. The policy 
is one of education, persuasion, and volun- 
tary correction before resorting to court 
action. The last resort is rarely required. 
In New York State, with a staff of 8 in- 
vestigators now assigned to the engineers’ 
law, hundreds of reported violations are 
investigated and corrected annually, with- 
out publicity. From the viewpoint of en- 
forcement, our registration laws were ini- 
tially weak but are being progressively 
strengthened. Enforcement is as stringent 
as the profession in any state is ready to 
make it. 

Even at the exaggerated figures estimated 
by Mr. Berresford, the cost of registration 
is small per individual. It is vanishingly 
small in proportion to the benefits secured. 
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For the average engineer, the total cost of 
registration in a lifetime will rarely exceed 
$50; this is but one per cent of the aver- 
age individual investment in professional 
education and it is less than !/2) of one per 
cent of the average total professional income 
thereby protected and enhanced. The life- 
time cost of registration, to the individual, 
is but a fraction (about 1/19) of the lifetime 
cost of membership in a national technical 
society, and the same ratio will obtain upon 
application of Mr. Berresford’s procedure of 
multiplying the cost by the number of indi- 
viduals. 

For a few engineers, registration in more 
than one state may be required; but the 
relative number of such cases is almost 
negligible, and the individuals enjoying 
such interstate practice generally enjoy in- 
comes that make the trifling cost of registra- 
tion fade into insignificance. The extent 
of multiple licensing is generally exaggerated. 
As registration becomes universal and uni- 
form, this slight extra cost will be elimi- 
nated. 

Any method of registration, certification, 
or admission must be handled by boards 
composed of individuals. This holds true 
for the other leading professions, with boards 
of examiners similarly appointed. The ap- 
pointments are made by the board of regents 
or by the governor of the state upon nomi- 
nations made by the respective professions. 
These are not ‘“‘political’”” appointments. 
The highest standards have becit main- 
tained and will be maintained. In some 
states there is no compensation for the time 
and services of the board members, and in the 
other states a ‘“‘compensation”’ of $5 or $10 
per day of arduous work for eminent con- 
sulting engineers whose time is worth $150 
to $200 a day is not a temptation for political 
manipulation. Only men who are sincerely 
devoted to the profession and its standards 
will accept such appointment. It is a 
position of honor and trust, and in that 
spirit its responsibilities are respected. In 
generations of examinations of candidates, 
there has been no retrogression of standards 
in the legal and medical professions, and 
there is even less reason to expect a lowering 
or betrayal of standards by the trusted 
representatives of the engineering profes- 
sion. 

Mr. Berresford is wrong in his interpreta- 
tion of certain phrases in the registration 
laws. The requirement of ‘experience in 
engineering work’? must not be confused 
with ‘‘professional practice.” The former 
is subprofessional and refers to apprentice- 
ship, as a subordinate or employee, per- 
mitted and required prior to registration. 
The other is of professional status and re- 
quires registration. A record of “lawful 
professional practice’ (in another state, or 
prior to enactment of the registration law) 
may be accepted as partial evidence of 
qualification. 

The standards set up in the model law 
and in the individual state laws qualifying 
for the title of ‘“engineer’’ have been evolved 
by the profession. If any professional group 
has had no part in this, it is because such 
group has failed to co-operate with the rest 
of the profession. The standard written 
into the model law and into a majority of 
the state laws is higher than the standards 
for admission to corporate membership in 
most of the national technical societies, 
and this higher standard has since been 


adopted by the Engineers’ Council for 
Professional Development as its recom- 
mended “minimum definition of an engi- 
neer.”’ The missing factor in membership 
requirements is evidence of professional 
education, by graduation or examination. 
Until engineering societies honestly apply 
such educational tests as are specified in the 
formally adopted ‘“‘minimum definition,” 
they cannot consistently claim that all their 
members are engineers. Until engineering 
societies require professional registration as 
a prerequisite for membership, they cannot 
legally and publicly claim that all their 
members are engineers. The medical and 
bar associations would regard it as un- 
thinkable to admit to membership any 
individuals who have not been legally ad- 
mitted to the respective professions. 

I admit that there are imperfections in 
our present registration laws. These are 
being corrected (but not along the weaken- 
ing lines suggested by Mr. Berresford) as 
rapidly as possible. The present defects 
are in large measure due to the lack of 
united action by the profession in a state 
and by the necessity for compromise in the 
face of fractional ignorance, selfishness, or 
prejudice. Certain national and local engi- 
neering societies have retarded the registra- 
tion movement by secret or open antago- 
nism, based on misunderstanding. That is 
why state societies of professional engineers 
are being formed and a National Society 
of Professional Engineers has been organ- 
ized. Registration is now in force in 35 
states. It is an established fact, and its 
further progress will be forward, not back- 
ward. Any fractional opposition will be 
regarded as antiprofessional, and will only 
strengthen the need for organizing and 
integrating the profession to protect and 
advance the registration movement. 


Very truly yours, 


D. B. STEINMAN 


President, National Society 
of Professional Engineers. 

Past-President, National 
Council of State Boards of 
Engineering Examiners 


Calculating Power Factor 
in a 3 Phase Circuit 


To the Editor: 

Concerning power factor in a 3 phase cir- 
cuit, as referred to in a letter to the editor in 
the February 1936 issue of ELECTRICAL EN- 
GINEERING by Joseph A. Balombin (pages 
217-18), some friendly comments may not 
be amiss. 

The writer has for many years used the 
formula: 


ee 
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where a = ues W; being less than W2. 
2 


Power factor (in per cent) = 50 


This is the same fundamental relation 
with a slightly different method of transfor- 
mation. Experience indicated that it was 
easily remembered. 

Very truly yours, 


C. O. von DANNENBERG (A’06, M’30) 


Tata Iron and Steel Company, Ltd., 
Jamshedpur, India 
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Parennal licms 


ALex Dow (A’93, F’18, and member for 
life) president, Detroit (Mich.) Edison 
Company, has received the 1935 A.LE.E, 
national prize award for best paper in public 
relations for his paper ‘‘On the Schooling of 
Engineers.” Mr. Dow was born in Glasgow, 
Scotland, in 1862, and although he is not a 
graduate of a technical school, he received 
the honorary degrees of master of engineer- 
ing (1911) and doctor of engineering (1924) 
from the University of Michigan and doctor 
of science (1935) from the University of 
Detroit. During the period 1874-82 he 
was employed as junior clerk and stenogra- 
pher in a railroad office and in the offices of 
a steamship company in Liverpool, England. 
In 1882 he came to the United States, and 
was employed in various departments of the 
Baltimore and Ohio Railroad Company. 
Later he was transferred to the Baltimore 
and Ohio Telegraph Company to take charge 
of local line and instrument maintenance, 
with some construction and experimental 
work on telephones. In 1888 he was em- 
ployed by the Brush Electric Company, 
Cleveland, Ohio, as installation electrician 
in the Chicago (IIl.) office. In 1889 he be- 
came district engineer in that office. In 
1893 he accepted the opportunity to design 
and supervise the construction of the 
public lighting plant of the city of Detroit, 
and in 1896 he became vice president and 
general manager of the Edison Illuminating 
Company of Detroit. The Detroit Edison 
Company succeeded the Edison Electric 
Illuminating Company of Detroit in 1903, 
and Mr. Dow was retained in a similar 
position until he was made president in 
1913. He designed and supervised the con- 
struction of several generating stations of 
the Detroit Edison system. He served the 
city of Detroit as the engineer member of 
the board of water commissioners con- 
tinually from 1916 to 1930. He is a member 
of The American Society of Mechanical 
Engineers, American Society of Civil Engi- 
neers, and the Institution of Electrical 
Engineers (Great Britain). 


E. F. Scatrercoop (A’08, F’13) chief 
electrical engineer and general manager, 
Bureau of Power and Light of the City of 
Los Angeles (Calif.) has received the 1935 
A.1.E.E. national prize award for best paper 
in engineering practice for his paper “En- 
gineering Features of the Boulder Dam- 
Los Angeles Lines.”’ Mr. Scattergood was 
born in Burlington County, N. Jeanels 71; 
and received the degrees of bachelor of 
science and master of science (1893) and 
the honorary degree of doctor of science 
(1931) at Rutgers University. In 1899 he 
received the degree of master of mechanical 
engineering at Cornell University. During 
the period 1894-98 he served on the faculty 
of Rutgers University as instructor in 
mathematics and electrical science, and 
after a year’s graduate study at Cornell 
University, he became professor and head 
of the department of electrical engineering 
of the Georgia School of Technology in 
1899. In 1902 he became associated with 
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the Huntington Light, Power, and Electric 
Company of Los Angeles, and during the 
period 1906-09 he maintained his own con- 
sulting mechanical and electrical engineer- 
ing practice in Los Angeles. In 1909 he 
was appointed chief electrical engineer and 
general manager of the Bureau of Power 
and Light of the City of Los Angeles, and 
has held that position continuously. In 
that capacity he has been in charge of the 
design, construction, and management of 
the Los Angeles municipal hydroelectric 
generating and distributing system, and in 
1933 he was appointed a member of the 
Federal Public Works Advisory Committee 
for California. He has been a nonresident 
lecturer in electrical engineering at Stanford 
University since 1926. He is a member of 
the Seismological Society of America, Pacific 
Geographic Society, Phi Beta Kappa, and 
Sigma Xi. 


R. E. Hert_tmunp (A’05, F’18, Lamme 
Medalist ’29) chief engineer, Westinghouse 
Electric and Manufacturing Company, East 
Pittsburgh, Pa., with L. R. Ludwig (A’28) 
co-author of the paper ‘“‘Sparking Under 
Brushes of Commutator Machines,’ has 
received honorable mention in the 1935 
A.I.E.E. national prize awards for best 
paper in theory and research. Mr. Hell- 
mund was born at Gotha, Germany, in 
1879, and attended the Ilmenau Technical 
College, from which he was graduated with 
the degree of electrical engineer in 1898. 
After being engaged in electrical develop- 
ment work for 3 years, he attended the 
Polytechnikum Charlottenburg, Berlin, as 
a graduate student. In 1903 he came to 
the United States and held several different 
positions, including a brief association with 
William Stanley at Great Barrington, Mass., 
until he was employed by the Western Elec- 
tric Company, Hawthorne, Ill., in 1905, 
first in the patent department, and later 
in the design of a-c machinery. Since 1907 
he has been associated with the Westing- 
house Electric and Manufacturing Com- 
pany. After being in charge of various de- 
velopment work, he was placed in charge of 
the design of induction motors, and in 1912 
he was placed in charge of the design of 
all d-c and a-c railway motors. In 1917 
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Mr. Hellmund was assigned to miscellaneous 
consulting work, in which he continued 
until 1922, when he was made engineering 
supervisor of development. In 1926 he was 
appointed chief electrical engineer, and in 
1933, chief engineer. He has presented 
many papers before the Institute and has 
contributed liberally to technical literature 
in the United States and Europe. He has 
been a member of the Institute’s standards 
committee since 1930, and is an alternate 
member of the electrical standards com- 
mittee of the American Standards Associa- 
tion. He is a member of Electrotechni- 
scher Verein (German Institute of Electrical 
Engineers) and the Society of German- 
American Technologists, and was presi- 
dent of the latter society during the period 
1920-21. 


R. N. Sropparp (M’34) electrical engi- 
neer, Westinghouse Electric and Manu- 
facturing Company, East Pittsburgh, Pa., 
has been awarded the 19385 A.I.E.E. 
National prize for initial paper for his 
paper ‘“‘A New Timer for Resistance Weld- 
ing.’ Mr. Stoddard was born (1895) at 
Meriden, Conn., and attended the Casino 
Technical Night School. Following a brief 
preliminary training with the Potomac Elec- 
tric Power Company, Washington, D. C., 
he entered the employ of the Westinghouse 
Electric and Manufacturing Company as a 
student engineer at East Pittsburgh. In 
1916 he was transferred to the sales de- 
partment of that company, and during the 
period 1917-19 he served as an engineer 
in-the radio laboratories of the U.S. Army 
Signal Corps. In 1919 he returned to the 
Westinghouse Company as a sales engineer, 
and in 1921 he accepted a similar position 
with the Radio Sales and Service Company, 
Pittsburgh. In 1923 he entered the radio 
engineering department of the Westinghouse 
Company to assist in the design and de- 
velopment of carrier current communication 
equipment, and was placed in charge of 
carrier current equipment in 1929. Since 
1931 Mr. Stoddard has been in responsible 
charge of the design and development of 
electronic apparatus. He is a member of 
the Institute of Radio Engineers. 


L. R. Lupwic (A’28) electrical engineer, 
Westinghouse Electric and Manufacturing 
Company, East Pittsburgh, Pa., with R. E. 
Hellmund (A’05, F’18, Lamme Medalist ’29) 
co-author of the paper “Sparking Under 
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Brushes of Commutator Machines,’ has 
received honorable mention in the 1935 
A.I.E.E. national prize awards for best 
paper in theory and research. Mr. Ludwig 
was born at Kansas City, Mo., in 1904, 
and graduated in electrical engineering from 
the University of Illinois in 1925. Following 
his graduation he was employed by the 
Westinghouse Company as a graduate stu- 
dent, and in 1926 he was designated as 
assistant to the chief electrical engineer, 
in which capacity he served until he was 
transferred to the railway motor engineer- 
ing department in 1928. In 1929 he was 
awarded a Lamme Memorial scholarship, 
and during the year 1929-30 he attended 
the University of Berlin, Germany, as a 
graduate student. During the period 1931- 
35 he undertook research work in the West- 
inghouse laboratories, and more recently he 
was placed in charge of the air circuit 
breaker and protective devices division of 
the switchgear engineerng department. Mr. 
Ludwig has presented several papers before 
the Institute, and is co-author of the 1933 
A.J.E.E. national prize for best paper in 
theory and research. 


W. S. Conton (A’20, M’28) formerly 
engineer-manager of public works, City of 
Stamford, Conn., recently was appointed 
exectitive secretary of the National Society 
of Professional Engineers, with offices at 
the national headquarters of that society 
-at Washington, D.C. Mr. Conlon was born 
at New York, N. Y., in 1895, and attended 
the Mechanics Institute, New York. Fol- 
lowing a preliminary engineering training 
period of 3 years (1916-18), he served the 
U.S. Army as electrical instructor and assis- 
tant engineer until 1921. He accepted a 
position as electrical engineer for the Stam- 
ford (Conn.) Hall Company in 1921, and 
during the period 1922-24 he served as 
valuation engineer for the Pennsylvania 
Power and Light Company, Allentown, Pa. 
After a brief return to the Stamford Hall 
Company, Mr. Conlon became associated 
with the fixed records division of the Ala- 
bama Power Company, Birmingham, in 
1925, and during the period 1926-27 he was a 
member of the electrical engineering staff of 
the firm of Murrie and Company, New 
York. In 1928 he became electrical engineer 
for the consulting firm of Jackson and 
Moreland, Boston, Mass., and in 1929 he 
held a similar position with the Coverdale 
and Colpitts Company, New York. During 
the period 1930-32 he maintained a con- 
sulting engineering office in Stamford, 
Conn., until he was appointed engineer- 
manager of public works of that city. 


ALFRED HERZENBERG (A’34) has left the 
regulator engineering department of the 
General Electric Company at Pittsfield, 
Mass., to join the staff of the Shell Pe- 
troleum Corporation’s geophysical section, 
with headquarters at Houston, Texas. Mr. 
Herzenberg, a native (1904) of Berlin, 
Germany, graduated in electrical engineer- 
ing from the Darmstadt Institute of Tech- 
nology, and from Union College, Schenec- 
tady, N. Y., with the degree of master of 
science. He entered the employ of the 
General Electric Company at Schenectady 
in 1928, where he remained until 1932, at 
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which time he went to the Massachusetts 
Institute of Technology (Cambridge) to 
undertake research in electrical insulation. 
In 1933 he returned to the General Electric 
Company, in the works laboratory at 
Pittsfield, Mass., where he remained until 
April 1, 1936. Mr. Herzenberg is co-author 
of a paper ‘‘The M. I. T. Power Factor 
Bridge and Oil Cell,’ published in Exsc- 
TRICAL ENGINEERING for March 1935, 
p. 272-9. 


M. W. SMITH 


M. W. Situ (A’20) formerly division 
engineer, Westinghouse Electric and Manu- 
facturing Company, East Pittsburgh, Pa., 
recently was appointed manager of engineer- 
ing. Mr. Smith is a native (1893) of Over- 
ton, Texas, and graduated in electrical 
engineering at the Texas Agricultural and 
Mechanical College in 1915. Immediately 
following his graduation he was employed 
by the Westinghouse Company as a student 
engineer, and his association with that 
company has been continuous. Mr. Smith 
has been identified with generator engineer- 
ing operations, first as a design engineer, 
later as a section engineer, and more recently 
as engineer in charge of the design of the 
large a-c machines of the generator division. 


L. S. Goopman (A’11, M’27) former head 
of the statistical bureau, Edison Electric 
Illuminating Company of Boston, Mass., has 
been appointed clerk and assistant treasurer 
of the company. Mr. Goodman received 
the degrees of bachelor of philosophy (1905) 
and master of arts (1908) at Bucknell 
University, and the degree of bachelor of 
science in electrical engineering (1908) at 
the Massachusetts Institute of Technology. 
During the period 1908-17 he was associated 
with the consulting firm of D. C. and W. B. 
Jackson, Boston, and in 1918 he entered 
the employ of the American International 
Shipbuilding Corporation, Hog Island, Pa. 
In 1920 he became assistant superintendent 
of the statistical bureau of the Edison 
Electric Illuminating Company, and later 
was made superintendent of that bureau. 


A. E. Warson (A’03, M’15) senior pro-. 


fessor of electrical engineering, Brown Uni- 
versity, Providence, R. I., will retire from 
active service at the end of the 1935-36 
academic year. Doctor Watson was born 
at Providence in 1866, and received the 


degrees of bachelor of arts (1888), master 
of arts (1898), and doctor of philosophy at 
Brown University. During the period 
1888-95 he served as electrical engineer for 
the Thomson-Houston Electric Company, 
Lynn, Mass., and the General Electric 
Company Schenectady N. Y., and during 
the same period served as lecturer in elec- 
trical engineering in the extension division 
of Brown University. In 1895 he joined 
the faculty of Brown University as an in- 
structor in physics. In 1898 he founded the 
department of electrical engineering as a 
branch of the physics department, and was 
appointed assistant professor of physics, 
with full charge of the adminstration of 
the department of electrical engineering. 
In 1914 Brown University recognized the 
department of electrical engineering as a 
separate department, and Doctor Watson 
was appointed assistant professor of elec- 
trical engineering. Later he was appointed 
associate professor of electrical engineering 
and professor of electrical engineering. 


P. J. Ost (M’23) formerly chief electrical 
engineer, Public Utilities Commission, San 
Francisco, Calif., has been appointed general 
manager and chief engineer of the recently 
formed electric power bureau of the commis- 
sion. Mr. Ost is a native (1882) of Topeka, 
Kan., and attended the University of 
Kansas. After a preliminary training of 
38 years in railway construction work, he 
became signal supervisor and assistant 
signal engineer for the Atchison, Topeka, 
and Santa Fe Railway Company in 1904. 
He became signal engineer for the Pacific 
Electric Railway Company, Los Angeles, 
Calif., in 1907, and in 1909 he was appointed 
assistant city engineer in charge of electrical 
work for the city and county of San Fran- 
cisco. He was appointed electrical engineer 
in 1924 and chief electrical engineer in 
1928. In 1932 he accepted a similar position 
with the public utilities commission of the 
city of San Francisco, and held that position 
until he was appointed to the commission’s 
power bureau. 


A. G. STEINMAYER (A’19) formerly chief 
engineer, Line Material Company, South 
Milwaukee, Wis., recently was appointed 
vice president in charge of engineering. Mr. 
Steinmayer is a native (1894) of La Salle, 
and received the degree of bachelor of 
science in electrical engineering at the Uni- 
versity of Illinois in 1916. Following his 
graduation, he became assistant chief engi- 
neer, Electrical Engineers Equipment Com- 
pany, Chicago, Ill., and remained in that 
position until he joined the U.S. Army in 
1918. In 1919 he returned to the Electrical 
Engineers Equipment Company, and in 
1920 he joined the engineering staff of the 
Line Material Company with the position 
of electrical engineer. He was appointed 
chief engineer in 1934. 


E. B. Meyer (A’05, F’27, and president) 
chief engineer, Public Service Electric and 
Gas Company, Newark, N. J., recently 
received the honorary degree of doctor of 
engineering at the Newark (N. J.) College 
of Engineering as ‘‘a recognized pioneer in 
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developing improved methods and systems 
of underground power transmission and 
distribution; at present, and for many 
years, prominently identified with the 
system development of the Public Service 
Corporation of New Jersey and related 
companies, in responsible charge of engi- 
neering, design and construction ; president 
of the American Institute of Electrical 
Engineers.” Mr. Meyer recently _ was 
honored also by Pratt Institute in recerving 
the diploma of honor of that school. 


B. W. Crem (A’20, F’31) formerly chief 
electrical engineer, Modesto (Calif.) Irriga- 
tion District, recently was appointed senior 
electrical engineer for the Rural Electrifica- 
tion Commission, with offices at Washing- 
ton, D. C. Mr. Creim is a native (1898) of 
Chicago, Ill., and attended George Washing- 
ton University. Following a brief service 
in the U.S. Bureau of Standards, Wash- 
ington, he was employed by the Bureau of 
Power and Light of the City of Los Angeles, 
Calif., during the period 1919-27. He 
served as instructor in electrical engineer- 
ing on the extension division staff of the 
University of California from 1925 until he 
was appointed chief electrical engineer of 
the Modesto Irrigation District in 1927. 


A. H. Howe t (A’35) graduate student, 
Massachusetts Institute of Technology, 
Cambridge, has been awarded one of the 
1936 fellowships of the Charles A. Coffin 
Foundation. Mr. Howell received the de- 
grees of bachelor of science in electrical 
engineering (1929) at the University of 
Kansas and master of science in electrical 
engineering (1934) at the Michigan College 
of Mining and Technology, and will study 
the insulation problems associated with the 
use of compressed gas as the essential cooling 
medium in high voltage cables for d-c 
power transmission. The fellowships are 
awarded annually to encourage and assist 
in the pursuit of research activities in the 
field of electricity, physics, and physical 
chemistry. 


W. L. Cister (M’35) formerly general 
superintendent of generation, Public Serv- 
ice Electric and Gas Company, Newark, 
N. J., recently was appointed assistant 
general manager. Mr. Cisler was born at 
Marietta Ohio, in 1897, and received the 
degree of mechanical engineer at Cornell 
University in 1922. Following his gradu- 
ation he was engaged as cadet engineer by 
the Public Service Electric and Gas Com- 
pany, and has held successively the positions 
of test engineer (1924-26), assistant chief 
generating station engineer (1926-27), chief 
generating station engineer (1927-31), plan- 
ning and installation engineer (1931-35), 
and general superintendent of generation 


(1935-36). 


E. B. Paxton (A’22, M’25) General 
Electric Company, Schenectady, N. Y., has 
been appointed a member of the A.LE.E. 
delegation on the American Standards As- 
sociation sectional committee on 
formers. 


trans- 
He is a member of the Institute’s 
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committees of electrical machinery and 
electrical standards, alternate member of the 
standards councils and electrical standards 
committee of the American Standards 
Association, and alternate member of the 
U.S. National Committee on the Inter- 
national Electrotechnical Commission. 


R. J. Kuwn (M’31) former electrolysis 
engineer, New Orleans (La.) Public Service, 
Inc., has established a consulting engineering 
office at New Orleans. Mr. Kuhn is a native 
(1900) of New Orleans, and received the 
degrees of bachelor of engineering in elec- 
trical engineering (1923) and _ electrical 
engineer (1933) from Tulane University. 
He was employed by New Orleans Public 
Service, Inc., following his graduation in 
1923, and has served that company con- 
tinuously. Mr. Kuhn’s work has consisted 
almost entirely of electrolysis investigation 
since 1924, and he will specialize in the 
investigation of electrolysis and corrosion of 
pipe lines and other structures. 


C. T. Srycvair (A’19, M’29) electrical 
transmission and distribution engineer, 
Byllesby Engineering and Management 
Corporation, Pittsburgh, Pa., has been ap- 
pointed A.I.E.E. representative on the 
committee on grounding formed under the 
auspices of the American Water Works 
Association in co-operation with the Edison 
Electric Institute. Mr. Sinclair is a member 
of the Institute’s technical program and 
power transmission and distribution com- 
mittees. 


L. R. Fink (Enrolled Student) graduate 
student, University of California, Berkeley, 
has been awarded a 1936 Charles A. Coffin 
Foundation scholarship. Mr. Fink received 
the degrees of bachelor of science in elec- 
trical engineering (1933) and master of 
science (1934) at the University of Cali- 
fornia. He will study the influence of 
saturation on transient angular oscillations 
of synchronous machines. He received a 
similar fellowship for 1935. 


R. W. Porter (Enrolled Student) gradu- 
ate student, Yale University, New Haven, 
Mass., has been awarded one of the 1936 
fellowships of the Charles A Coffin Founda- 
tion. Mr. Porter received the degree of 
bachelor of science in engineering at the 
University of Kansas in 1934, and received 
a 1935 Coffin Foundation scholarship. He 
will devote himself to a study of transients in 
the monocyclic network. 


F. A. Roperts (A’34) formerly produc- 
tion engineer of the welding division, J. D. 
Adams Manufacturing Company, Indian- 
apolis, Ind., recently was promoted to 
superintendent of the welding division. 
Mr. Roberts, an electrical engineering gradu- 
ate of Purdue University (1933), has been 
associated with the company since his 
graduation. He is a member of Tau Beta 
Pi and Eta Kappa Nu. 


W. A. ANDREE (A’35) engineer, Southern 
California Edison Company, Los Angeles, 
recently won the 1936 first prize of the 
Pacific Coast Electrical Association for his 


paper written as a solution to the problem 
“Flow Shall We Find a Steady Load for 
Existing Facilities?” Mr. Andree has been 
associated with the Southern California 
Edison Company since his graduation from 
Stanford University in 1934. 


H. M. Van GELDER (A’05, M’13) former 
chief electrification engineer, Federal Power 
Commission, Washington, D. C., now is 
acting as consulting engineer to the trustee 
of the New York, Westchester, and Boston 
Railway Company, with offices at New 
York, N. Y. 


J. H. Reynotps (A’34) formerly purchas- 
ing agent, Westinghouse Electric Supply 
Company, Miami, Fla., recently accepted 
a position as electrical engineer for the 
Duncan Electric Company, Lafayette, Ind. 


E. J. Keiiey (A’28) recently accepted 
a position as sales engineer with the Allis- 
Chalmers Manufacturing Company, Kansas 
City, Mo. 


Obituary 


MeLpon Humpnrey Merritt (M’35) 
western manager, Robert W. Hunt Com- 
pany, San Francisco, Calif., died April 18, 
1936. Mr. Merrill was born at Yarmouth, 
Me., May 14, 1873. He attended West- 
brook Seminary, and received the degree of 
bachelor of science at Tufts College in 
1896. Following his graduation, he was 
employed as central station electrician for 
the West End Street Railway Company, 
Boston, Mass., and, following a brief as- 
sociation with the Fairbanks Electric Bell 
Buoy Company, Boston, he became assist- 
ant power representative of the Edison 
Electric Illuminating Company of Boston 
in 1897. In 1901 he accepted a position as 
sales engineer for the Westinghouse Electric 
and Manufacturing Company, Boston, and 
held that position until he became sales 
engineer for the Allis-Chalmers Company, 
Milwaukee, Wis., in 1911. In 1915 he was 
appointed vice president of the Concord, 
Maynard, and Hudson Street Railway 
Company, Boston, and in 1918 he became 
vice president in charge of engineering of 
the Texas Gas and Electric Company, 
Tennessee Eastern Electric Company, John- 
son City Traction Company, Massachusetts 
Northern Railways Company, and Carolina 
Gas and Electric Company. In concurrence 
with his association as vice president in 
charge of engineering of those companies, 
he organized the consulting engineering 
firm of Merrill, Sweeney, and Company, 
with headquarters at Boston, to manage 
and operate those companies. In 1920 Mr. 
Merrill acquired full interest in the firm of 
Merrill, Sweeney, and Company, and the 
firm name was changed to M. H. Merrill 
and Company. In 1923 the properties of 
the companies, of which he was vice presi- 
dent, were sold, and he continued his con- 
sulting engineering practice in Boston until 
1924, when he transferred his headquarters 
to San Francisco, Calif. In 1935 he became 
western manager for another consulting 
firm, the Robert W. Hunt Company. 
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HALBERT Paut Hit (A’17, M’18, F’22) 
president, Halbert P. Hill and Associates, 
_ Inc., New York, N. Y., died May 18, 1936. 
Mr. Hill was born at Memphis, Tenn., Octo- 
ber 31, 1872, and attended St. Minards 
College. During the period 1889-93 he 
designed and constructed several small 
generating stations in Indiana and Ken- 
tucky, and in 1894 he became engineer for 
the Diamond Electric Company, Peoria, Ill. 
At the same time he held the position of 
electrical engineer with the Warren Elec- 
trical Manufacturing Company, Chicago, 
Ill. During the period 1896-1900 he was 
associated with the Hill and Miller Com- 
pany, Washington, D. C., and during the 
following 3 years (1900-03) he was sales 
and development engineer for the General 
Incandescent Are Light Company. Follow- 
ing a brief period as general manager of 
the Storey Electric Motor Company, Har- 
rison, N. J., he became district manager 
(1904) of the Bulloch Electric Manufactur- 
ing Company, with offices at St. Louis, Mo. 
Later, the Bulloch Electric Manufacturing 
Company was purchased by the Allis- 
Chalmers Company, and Mr. Hill was 
transferred to Milwaukee, Wis., as engi- 
meer in the contract department of the 
Allis-Chalmers Company. He served the 
De La Vergne Machine Company, New 
York, N. Y., as combustion engineer, from 
1906 until he became a partner of the con- 
sulting engineering firm of Harvey and Hill, 
New York, in 1908. In 1910 he acquired 
full interest in the firm of Harvey and Hill, 
and the firm name was changed to Halbert 
P. Hill, Inc. In 1917 he became a partner 
of the firm of Ophuls, Hill, and McCreery 
New York, and in 1930 he established an 
independent consulting engineering firm 
under the name of Halbert P. Hill and 
Associates, Inc. Mr. Hill had been a 
member of the Institute’s committee on 
standards since 1932. 


THOMAS SPENCER (A’03 and member for 
life) consulting engineer, Prest-O-Lite Com- 
pany, Inc., Indianapolis, Ind., died April 
16, 1986. Mr. Spencer was born at Old 

_ Saybrook, Conn., January 16, 1856, and 
attended Yale University as a special stu- 
dent in mathematics and physics. In 1883 
he became associated with the late Thomas 
A. Edison (A’84, M’84, HM’28) as an elec- 
trician in the Thomas A. Edison Construc- 
tion Company. He assisted in the design 
of 2 of the Edison generating plants, and in 
1886 he was transferred to the Man Con- 
struction Company to supervise the elec- 
trical construction work of the plants. In 
1888 the Man Construction Company ar- 
ranged to do electrical construction work for 
the Westinghouse Electric and Manufac- 
turing Company, East Pittsburgh, Pa., 
and Mr. Spencer was sent to London, 
England, by the Westinghouse Company to 
supervise the construction of a generating 
station of the Metropolitan Electric Com- 
pany. He returned to the United States 
in 1889 and became electrical engineer 
for the North American Construction Com- 
pany, Pittsburgh, Pa. That company was 
dissolved in 1891, and he assisted in the 
establishment of the Helios Electric Com- 
pany at Pittsburgh; later the Helios Elec- 
tric Company was merged with the Standard 
Electric Company, Peabody, Mass., and 
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Mr. Spencer became superintendent and 
designer of the resulting Helios Upton 
Company, with offices at Pittsburgh. In 
1918 he became engineer for the National 


_ Carbon Company, Cleveland, Ohio, and in 


1921 he became consulting engineer for 
the Prest-O-Lite Company. His service in 
that capacity was uninterrupted. 


DANIEL McFaRrLAn Moore (A’93, M’94, 
F’12, and member for life) retired research 
engineer, General Electric Company, Har- 
rison, N. J., was shot and killed by an assas- 
sin June 15, 19386. Mr. Moore was born 
February 27, 1869, at Northumberland, 
Pa., and received his formal education in 
electrical engineering at Lehigh University 
during the period 1887-89. In 1890 he 
associated himself with the late Thomas 
A. Edison (A’84, M’84, HM?’28) in the 
development of the incandescent lamp; 
however, he was convinced that light could 
be produced more efficiently by some means 
other than the carbon filament lamp, and 
in 1895 he established his own company 
under the name of the Moore Light Com- 
pany. Later, the company was reorganized 
under the name Moore Electric Company, 
and he served as vice president and general 
manager of those companies for 18 years. 
In 1912 he sold the interests of the Moore 
Electric Company to the General Electric 
Company, and became a consulting engineer 
for that company. Mr. Moore was granted 
more than 100 patents on gaseous conduc- 
tion principles and applications. He pre- 
sented many papers before the Institute, 
and contributed liberally to technical litera- 
ture in the United States and Europe. He 
was a member of the Illuminating Engineer- 
ing Society. 


PauL ENGLEHEART (A’14) superintendent 
of generation, Guanajuato (Mexico) Power 
and Electric Company, died February 9, 
1936. Mr. Engleheart was born April 25, 
1879, at Leicester, England, and graduated 
from Cambridge University (England) in 
1900. During the period 1900-05 he served 
as an apprentice in the experimental depart- 
ment of A. F. Yarrow and Company, ship- 
builders, and after a brief association with 
Farringdon Works, Ltd., London, England, 
he went to Mexico (1907) to become refrig- 
eration engineer for the Mexican National 
Packing Company. In 1910 he established 
himself in the electrical contracting business 
at San Luis Potosi, Mexico, and in the 
following year he became assistant district 
superintendent of the Guanajuato Power 
and Electric Company. He left the employ 
of that company briefly to become superin- 
tendent of lines and installations of the 
Central Mexico Light and Power Company, 
Irapuato, during the period 1912-13. He 
returned to the Guanajuato Power and 
Electric Company in 1914, however, to 
become superintendent of generation, and 
his service in that capacity was continuous. 


CHARLES EDWIN HEBBERT (A’14, M’30) 
Public Service Electric and Gas Company, 
Ridgewood, N. J., died January 12, 1936, 
according to work just received at Institute 
headquarters. Mr  Hebbert was born 


August 2, 1875, at Guelph, Ontario, Canada, 
and graduated from Lake Forest Academy 
in 1899. During the period 1902-05 he was 
employed by the General Electric Company, 
Schenectady, N. Y., as test engineer, and 
in 1905 he became electrical superintendent 
of the Binghamton (N. Y.) Light, Heat, 
and Power Company. In 1906 he accepted 
a position as engineering assistant with Ford, 
Bacon, and Davis, Inc., New York, N. Y., 
and after a brief connection as manager of 
the Electrical Repairing Company, Little 
Rock, Ark., he became sales engineer for 
the Interstate Electrical Supply Company, 
Sioux City, Iowa. During the period 1910- 
12 he was electrical superintendent of the 
Pierre (S. D.) Electric Company, and in 
1913 he became engineering assistant for 
the Public Service Electric and Gas Com- 
pany Newark, N. J. He held that position 
until he became assistant engineer for the 
Public Service Production Company, New- 
ark, in 1922. He became assistant engineer 
for United Engineers and Constructors, 
Inc., Newark, in 1930, and in 1935 he re- 
turned to the Public Service Electric and 
Gas Company. 


Burton Lewis Devack (A’11) general 
assistant to the vice president in charge of 
manufacturing, General Electric Company, 
Schenectady, N. Y., died May 7, 1936. Mr. 
Delack was born at Morristown, N. Y., 
January 7, 1882, and received the degree 
of bachelor of science in electrical engineer- 
ing at the Clarkson Memorial School of 
Technology in 1903. Following his gradua- 
tion he entered the employ of the General 
Electric Company as a test engineer. In 
1905 he was transferred to the railway 
motor engineering department, and in 1912 
he assumed responsibility for the mechanical 
design of railway motors. In 1919 he was 
transferred to the Erie, Pa., works of that 
company as manufacturing engineer and 
representative of the designing engineer, 
and in 1923 he was made assistant manager 
of the Erie works, from which position he 
was promoted (1926) to assistant manager 
of the Schenectady works. In 1927 he was 
appointed acting manager of the Schenec- 
tady works, and in 1928 he became manager. 
In- 1934 he was transferred to the staff of 
the vice president in charge of manufactur- 
ing. 


JAMES ROBERT CHARLTON ARMSTRONG 
(A’02, F’13) consulting engineer, New York, 
N. Y., died April 15, 1936. Mr. Armstrong 
was born in Fermanagh County, Ireland, 
August 11, 1876, and received the degree 
of bacheor of arts at the Johns Hopkins 
University in 1899. Following his gradu- 
ation he was employed as a test engineer 
by the General Electric Company, Schenec- 
tady, N. Y., and in 1901 he was placed in 
charge of engineering and construction of 
several of the General Electric Company’s 
electric transit contracts. In 1904 he be- 
came transmission engineer for the New 
York Central Railway Company, New York, 
and in 1906 he accepted a position as elec- 
trical engineer for the New York City Rail- 
way System and the Metropolitan Street 
Railway System. He held that position 
until he was appointed chief electrical engi- 
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neer for the General Vehicle Company, 
Inc., Long Island City, N. Y., in 1913. In 
1916 he established consulting engineering 
offices in New York, and was retained by 
several railway, lighting, and industrial 
companies in that city. 


ALLAN CunnincHAM (A’23, M’29) presi- 
dent and manager, Allen Cunningham 
Company, Inc., Seattle, Wash., died April 
23, 1936. Mr. Cunningham was born at 
Glasgow, Scotland, January 15, 1882. He 
attended the Glasgow and West of Scotland 
Technical College, and received the degree 
of bachelor of science at the University of 
Washington in 1909. After serving an 
apprenticeship in an engine works in Glas- 
gow, he came to the United States in 1903, 
and served as draftsman and mechanical 
engineer for several companies in the United 
States and Alaska until 1913. He estab- 
lished the Pacific Machine Shop and Manu- 
facturing Company, Inc., at Seattle in 1913, 
and later reincorporated the company under 
the name of Allan Cunningham Company, 
Inc. Mr. Cunningham devoted a great deal 
of study to the application of electric power 
to marine auxiliary machinery, and he con- 
ducted some of the pioneer work in that 
field in the United States. He was a mem- 
ber of the American Society of Marine 
Engineers. 


THEODORE BERAN (A’02 and member for 
life) New York, N. Y., who retired as 
New York district manager and commercial 
vice president of the General Electric Com- 
pany in 1928, died April 3, 1936. He was 
born at Springfield, Mass., September 16, 
1862, and received the degree of bachelor of 
arts from the College of the City of New 
York in 1881. From 1889 to 1891 he was 
in the railway department of the Sprague 
Electric Railway and Motor Company, 
New York, and upon the consolidation of 
this company with the Edison General 
Electric Company Mr. Beran became as- 
sistant to the district manager. Mr. Beran 
continued in this position following another 
consolidation with the General Electric 
Company, and from 1901 to 1903 was as- 
signed to the British Thompson-Houston 
Company to organize its commercial de- 
partment. In 1904 he was made district 
manager at New York, and in 1926 was 
elected a commercial vice president. Mr. 
Beran was a former vice president of the 
Electrical Board of Trade of New York. 


GEORGE Rospert Murpuy (A’02, F’20) 
manager, Pacific district of the Electric 
Storage Battery Company, San Francisco, 
Calif., died May 14, 1936. Mr. Murphy 
was born July 12, 1875, at Jersey City, N. J., 
and received the degrees of bachelor of arts 
(1895) and master of arts (1897) at Fordham 
University and electrical engineer (1899) at 
Columbia University. In 1900 he was em- 
ployed as operating engineer in the New 
York, N. Y., office of the Electric Storage 
Battery Company. In 1903 he was trans- 
ferred to the San Francisco, Calif., offices 
of that company, being connected first with 
the operating department, and later with 
the sales department. In 1916 he was 
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placed in charge of the San Francisco office, 
and in the same year was made manager of 
the Pacific district. He was a member of 
the Society of American Military Engineers. 


Henry Apams Morss (A’ll, M’11) 
president and treasurer, Simplex Wire and 
Cable Company, Cambridge, Mass., died 
May 6, 1936. Mr. Morss was born August 
30, 1871, at Boston, Mass., and received 
the degree of bachelor of science in electrical 
engineering at the Massachusetts Institute 
of Technology in 1893. He entered the 
employ of the Simplex Electrical Company, 
Boston, immediately after his graduation, 
and became a director of that company in 
1895, when it was incorporated. In 1903 he 
became vice president, and in 1916 he 
became vice president of the Simplex Wire 
and Cable Company. In 1918 he became 
treasurer, and in 1920 he was appointed 
president and treasurer. 


KINGSLEY G. Dunn (A’94 and member 
for life) retired consulting engineer, Berke- 
ley, Calif., died March 12, 1936. Mr. Dunn 
served as electrician for the Palace Hotel, 
San Francisco, Calif., in 1894. In 1899 he 
became electrical engineer for the British 
Columbia Electric Railway Company, Ltd., 
Victoria, and during the period 1903-07 he 
was associated with C. C. Moore and 
Company, Seattle, Wash. In 1907 he was 
employed by Hunt, Mirk, and Company, 
San Francisco, and in 1909 he became vice 
president of that company. He held that 
position until he retired from active service 
in 1920. 


PIENCHUN HuaNnc (A’32) graduate stu- 
dent, Berlin, Germany, died in January 
1936. Mr. Huang was born October 1, 
1906, at Hoiping, Kwangtung, China, and 
received the degrees of bachelor of science 
in electrical engineering (1929) and bachelor 
of science in mechanical engineering (1930) 
at Purdue University and master of science 
in electrical engineering (1931) at the 
Massachusetts Institute of Technology. 
After he completed his graduate studies at 
the Massachusetts Institute of Technology 
he went to Berlin, Germany, for further 
study in electrical engineering. 


IRVING FREDERICK Day (A’34) foreman, 
U.S. Lighthouse Service, Portland, Ore., 
died January 18, 1936. Mr. Day was born 
July 24, 1902, at Portland, and received the 
degree of bachelor of science in electrical 
engineering at Oregon State College in 
1926. Following his graduation, he was 
employed as electrical designer for the 
Pacific Power and Light Company, Port- 
land. In 1931 he became assistant head of 
the mechanical section of the technical di- 
vision of the U. S. Lighthouse Service, and 
in 1935 he became foreman of that section. 


Jutrus Meyer (A’92 and member for 
life) retired consulting engineer, Florida 
City, Fla., died early in 1935, according to 
word just received at Institute headquarters. 
Mr. Meyer was born in December 1855, and 
his entire technical career was identified with 
consulting engineering. He maintained a 
consulting engineering office in New York, 
N. Y., from 1891 until he retired in 1920. 


Membership 


Recommended 
for Transfer 


The Board of Examiners, at its meeting on June 
10, 1936, recommended the following members for 
transfer to the grade of membership indicated. 
Any objection to these transfers should be filed at 
once with the national secretary. 


To Grade of Member 


Anderson, S. H., member tech, staff, Bell Tel. Labs., 
Inc., New York. 

Brown, R. D., system operator, Monongahela West 
Penn Pub. Serv. Co., Fairmont, W. Va. 

May, J. P., central station dept., Gen. Elec. Co., 
Pittsfield, Mass. 

Meyer, C. C., technical, Am. Tel. & Tel. Co., 
New Yor 

Moak, F. C., service engr., Arma Engg. Co. Inc., 
Brooklyn, N. Y. 

Silverman, J., distribution draftsman, Brooklyn 
Edison Co., Brooklyn, N. Y. 

Staley, M. R., teacher, Mount Pleasant Technical 
High School, Schenectady, N. Y. 

Taylor, H. L., chief inspector of elec. energy and 
E.E., Dept. of Public Works, Vancouver, B. C., 
Canada. 

Taylor, T. A., member of technical staff, Bell Tel. 
Labs., Inc., New York. 

VanderSchaaf, W. D., asst. engr., Pub. Serv. Elec. 
& Gas Co., Newark, N. J. 

Walker, G. H., asst. E.E., Great Northern Railway 
Co., Seattle, Wash. 

Wieland, H. G., asst. gen. foreman, N. Y. Edison 
Co., Bronx, N. Y. 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to mem- 
bership in the Institute. If the applicant has ap- 
plied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name. Any member objecting to the election of 
any of these candidates should so inform the na- 
tional secretary before July 31, 1936, or Sept. 30, 
1936, if the applicant resides outside of the United 
States or Canada. 


Abbott, G. E., Club Intl. Inc., Mulberry, Fla. 

sae E. K., Sound Systems Inc., Cleveland, 
io. 

alee yee V., 1646 Irving St., N. W., Washington, 


Barth, P, Pub. Serv. Gas & Elec. Co. of N. J., 
Newark. 
Ee F., Eastman Kodak Co., Rochester, 


Barton, S. N., Mackay Radio & Telegraph Co., 
Clearwater, Calif, 

Bauhan, G. L. T., Rm. 930, Municipal Bldg., New 
York, N. Y. 

Binns, J. E., Mackay Radio & Telegraph Co., 
New York, N. Y. 

Brown, K. E., 1502 Customs House, Boston, Mass. 

Bruggeman, J. T., 1297 Lexington Ave., New 
York, N. Y. 

Clark, K. C., Hydro Elec. Pwr. Comm. of Ontario, 
Toronto, Ont., Can, 

os P., Southwestern Bell Tel. Co., St. Louis, 


oO. 
oer, S: P. W., Brown University, Providence, 


Crone, R. H. (Member), Phoenix Engg. Corp., 
New York, N. Y. 

Croy, H. C. (Member), Commonwealth Edison Co., 
Chicago, III. 

Dandelake, J. (Member), Miller Elec. Co., Jack- 
sonville, Fla. 

Drummey, J. F., Morganite Brush Co., Long Is- 
land City, N. Y. 

Edgar, R. B., Pub. Serv. of No. Ill., Evanston. 

ee M. E., United Fruit Co., San Francisco, 

als 

Flack, C. B., Philadelphia Elec. Co., Pa. 

Fletcher, R. H., Mass. Inst. of Tech., Cambridge. 

French, A. E., Eastman Kodak Co., Rochester, N. Y. 

Goon ey E. E., Jr., Electrad Inc., New York, 


Goss, F. L., 207 So. Broadway, Los Angeles, Calif. 

Greene, W. J., 10 Wateredge Ave., Baldwin, N. Y. 

Hailes, W. D. (Member), General Railway Signal, 
Co., Rochester, N. Y. 

Hammett, T. F., U.S. Bureau of Reclamation, 
Denver, Colo. 

Beary es H. (Member), Bell Tel. Lab., New York, 


Herrick, D. R., Portland Traction Co., Ore. 


Hort Mt C., Kentucky Eagle Coal Co., Carbon 

ow. 

earn Gs O., Oklahoma Gas & Elec. Co., Oklahoma 
ity 


Hummel, H. M., Mifflinburg, Pa. 
ayer rae Bureau of Pwr. & Lt., Los Angeles, 
alr. 


ELECTRICAL ENGINEERING 


Jones, H. L., Oregon State College, Corvallis, Ore. 
gash aol P., Grinnell Co. Inc., Providence, 


Keefe, W. E., Gen. Elec. Co., West Lynn, Mass. 

Krumze, G. N., Jr., Swift & Co., South San Fran- 
cisco, Calif. 

Kunde, C. O., United Drydocks Inc., Mariners 
Harbor, N. Y. 

Lamb, F. X., Weston Electrical Instrument Corp., 

Newark, N. J. 

Laughlin, James D., Jr., Bureau of Pwr. & Lt., 
Los Angeles, Calif. 

Lerchenmiller, W. G., Bethlehem Industrial High 
School, Pa. 

McLaughlin, A. F. W., Canadian Atlas Steel Ltd., 
Welland, Ont., Can. 

veo ae F., c/o Yuba Mfg. Co., San Francisco, 

alif. 

Nelson, C. C. (Member), Electric Machy. Mfg. Co., 
Minneapolis, Minn. 

Orth, H. S., Lycoming Edison Elec. Co., Williams- 
port, Pa. 

Richardson, J. F., Cleveland Elec. Illum. Co., Ohio. 

Richmond, H. P., Jersey Central Pwr. & Lt. Co., 
Long Branch, N. J. 

Riskac, E. J., Lincoln Electric Co., Cleveland, O. 

Rothe, F. S., Metropolitan Edison Co., Reading, 


Pa. 
Russell, H. W., Battelle Memorial Institute, Colum- 
bus, Ohio. 


Ryan, E. C., Ohio Brass Co., Mansfield, Ohio. 
pearen, J., Eastman Kodak Co., Rochester, 


Schooley, F. (Member), 604 Broadway, Highland, 


Schroder, J. W., Paraffine Co. of Emeryville, Calif. 

Scott, E. O., Electro Metallurgical Co., Welland, 
Ont., Canada. 

Seger, R. G., United Electric Controls Corp., 
Hoboken, N. J. 

Steinbuehler, E. A. (Member), Brooklyn Edison 
Co. Inc., New York. 
Trofimov, L. A. (Member), 

Mfg. Co., Cleveland, O. 
Trout, C. L. (Member), Union Gas & Elec. Co., 
Cincinnati, Ohio. 
pieracises, E. F., 46 W. 4th St., So. Williamsport, 
a. 
Waldron, C. J., U.S. Court House & Custom 
House, St. Louis, Mo. 
Ware, L. A., Montana State College, Bozeman, 
Mont. 
Weller, E. A., Consolidated Gas Elec. Lt. & Pwr. 
Co., Baltimore, Md. 
Beeon, W. R., National Tube Co., Ellwood City, 
a. 
Wier, A. J., Bell Tel. Labs., New York, N. Y. 
Wylie, A. P., General Electric Co., New York, N. Y. 
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Aldrey, J. L. (Member), Apartado Postal 935 
Caracas, Venezuela, So. Am. 

Chatterjee, B. C. (Fellow), Hindu University, 
Benares, India. 

de Groot, W. (Member), N. V. Philips’ Gloeilam- 
penfabrieken, Eindhoven, Holland. 

Jakeman, R. G. (Member), Gen. Elec. Co., Witton, 
Birmingham, England. 

Jobling, H. B., Victoria Falls & Transvaal Pwr. Co., 

A Ltd., Germiston, Transvaal, So. Africa. 

Krishna Murthy, D., Surat Electricity Co. Ltd., 
Surat, India. 

Lineker, A. W. (Member), Rand Water Board, 
Johannesburg, Transvaal, So. Africa. 

Nehra, P. S., M/S British Insulated Cables Ltd., 
Peshawar, Cantt., India. 

Rudra, J. J. (Member), Coll. of Engg., Guindy, 
Madras, India. 

9 Foreign 


Addresses 
Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
addresses as they now appear on the Institute 
record. Any member knowing of corrections to 
these addresses will kindly communicate them at 
once to the office of the secretary at 33 West 39th 
St., New York, N. Y. 


Blocksom, Franklin C., Randle, Wash. 

Bukley, E. J., Malaja-Dmitrovka D. 8 Kv. 38, 
Moscow, U.S.S.R. 

Burns, Arthur E., 1958 E. 29th St., Brooklyn, N. Y. 

Collins, Ogie B., Minimum, Mo. 

De Keyser, Jacques F., 37-53—78th St., Jackson 
Heights, N. Y. 

Dixon, James E., 411 E. Green St., Clinto, Mo. 

Johnson, James W., 3506—16th St., N. W., Wash- 
ington, D.C. 

Jone Robert W., 565 Thompson Ave., Donora, 


a 
Tehee eenbere A., 50 Atwood Ave., Johnston, 


Megeath, S. A., Jr., 14 North Ave., Elizabeth, N. J. 
peat tae C., 208 W. 8th St., Los Angeles, 
alif. 
Millheisler, Charles A., 1417 Catalpa Ave., Chi- 
cago, Ill. 
Miyota, Nath S., 9161/2 Howell St., Seattle, Wash. 
Butety Forrest H., 5530 Dorchester Ave., Chicago, 


Ridenhour, W. L., 216 Vance St., Chapel Hill, N. C. 
Willson, William H., Jr., 1720—2nd Ave., Cedar 
Rapids, Iowa. 
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Rereeerine iierature 


New Books 
in the Societies Library 


Among the new books received at the 
Engineering Societies Library, New York, 
recently, are the following which have been 
selected because of their possible interest 
to the electrical engineer. Unless otherwise 
specified, books listed have been presented 
gratis by the publishers. The Institute 
assumes no responsibility for statements 
made in the following outlines, information 
for which is taken from the preface of the 
book in question. 


AMBRICAN YEAR BOOK, a Record of Events 
and Progress, Year 1935. Ed. by A. B. Hart and 
W. M. Schuyler. N. Y., American Year Book 
Corp., 1936. 915 p., tables, 8x5 in., cloth, $7.50. 
An annual record of the events, personalities and 
tendencies of each successive year in the United 
States. Contains sections on history, govern- 
mental activities, business, and pure and applied 
science. 


REPORTS on PROGRESS in PHYSICS, v. 2. 
Ed. by A. Ferguson, publ. by Physical Society, 
Lond.; printed at University Press, Cambridge, 
1936. 371 p., illus., 10x7 in., cloth, 21 s., $5.25. 
Intended to supply the physicist with reviews of 
recent developments in his field. Contains reviews 
on general physics; the quantum theory; atomic 
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physics; geophysical prospecting; radio explora- 
tion of upper atmosphere ionization; sound; heat; 
electrical and magnetic measurements; the charge 
of the electron; electron tubes; X rays; spectro- 
scopy; optics. 


PSYCHOLOGY of HUMAN RELATIONS for 
EXECUTIVES. By J. L. Rosenstein. N. Y. 
and Lond., McGraw-Hill Book Co., 1936. 284 p., 
8x5 in., cloth, $2.50. Intended to give executives 
an understanding of the workers whom they lead 
and supervise. Discusses reasons for human be- 
havior, ways in which individuals face difficulties, 
personality, kinds of workers, co-operation, and 
discipline. 


QUANTUM THEORY of RADIATION. By 
W. Heitler. Oxford, England, Clarendon Press; 
N. Y., Oxford University Press, 1936. 252 p., 
illus., 10x6 in., cloth, $6.00. Presents a systema~- 
tized account of the theory from a uniform point 
of view. Contains an introductory chapter on the 
classical theory, a development of the quantum 
theory of radiation in the simplest form of general 
validity, and discussions of the fundamental 
applications to atomic physics. 


MESSGERATE im INDUSTRIEBETRIEB. 
By G. Wiinsch and Riihle. Berlin, Julius 
Springer, 1936. 315 p., illus., 10x6 in., 26.70 rm.,, 
cloth. A review of industrial measuring instru- 
ments, intended for use as a textbook and a guide 
for the commercial user. 


PRACTICAL DESCRIPTIVE GEOMETRY. 
By W. G. Smith. 4 ed. N. Y. and Lond., Mc- 
Graw-Hill Book Co., 1936. 75 p., illus., 9x6 in., 
cloth, $2.50. Follows the lines of former texts, 
but presents the oblique plane and the analytical 
method in greater detail. 


Engineering Societies Library 
99 West 39th Street, New York, N. Y. 


AINTAINED as a public reference library 

of engineering and the allied sciences, this 
library is a cooperative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 

Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 


A collection of modern technical books is 
available to any member residing in North Amer- 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 


Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 


ELEKTROAKUSTISCHE UNTERSUCHUN- 
GEN in HALLRAUMEN. By H. Frei. Leip- 
zig u. Vienna, Franz Deuticke, 1936. 99 p., illus., 


9x6 in., 6.48 Austrian shillings; 4 German marks. 
Treats the problem of sound fields in closed rooms 
and describes experiments using various methods 
of accustical measurement under different condi- 
tions. 


THE NEXT HUNDRED YEARS, the Un- 
finished Business of Science. By C. C. Furnas. 
Baltimore, Williams & Wilkins, 1936. 434 p., 
9x6 in., cloth, $3.00. A description of the present 
state of scientific knowledge of biology, chemistry, 
and physics and the social consequences of their 
development, intended for the general reader. 


GRAPHS, How to Make and Use Them. By 
H. Arkin and R. R. Colton. N. Y. and Lond., 
Harper & Bros., 1936. 224 p., illus., 10x6 in., 
cloth, $3.00. An introduction which covers all 
the usual methods of graphic representation and a 
variety of uses in business, economics, engineering, 
and other fields. 


ATOMIC PHYSICS. By M. Born, authorized 
translation of German edition by J. Dougall. 
N. Y., G. E. Stechert & Co., 1936. 352 p., illus., 
9x6 in., cloth, $4.75. A review of modern atomic 
physics based upon a series of lectures published 
in German in 1933, and brought up to date. 


THEORIE INVARIANTIVE du CALCUL des 
VARIATIONS. (Institut Belge de Recherches 
Radioscientifiques, V. . By T. de Donder. 
Paris, Gauthier-Villars & Co., 1935. 230 p., 
tables, 10x6 in., paper, 35 frs. Presents recent 
contributions to the theory of the calculus of varia- 
tions. The first 2 sections present the invarian- 
tive theory; the third section discusses applica- 
tions to mathematical physics: the electromag- 
netic field, the field of gravity, undulatory mechan- 
ics, and radio. 


MACHINERY, EMPLOYMENT and PUR- 
CHASING POWER, published by National Indus- 
trial Conference Board, N. Y., 1936. 103 p., illus., 
9x6 in., cloth, $2.00. Presents available facts 
regarding the relation of machinery to employment, 
production, and purchasing power of the American 
population. 


COURS d’EXPLOITATION des MINES. By 
Haton de la Coupilliére. 4 ed. Paris, Dunod, 
1936. Illus., 10x6 in., cloth, v. 3, 778 p., 160 frs.; 
v. 4, 763 p., 155 frs. Devoted to hoisting equip- 
ment: (3) discusses cables, winding drums, cages, 
accessories; (4) describes steam and electric prime 
movers, safety devices, and cages. 


V D I-JAHRBUCH 19386, Die Chronik der 
Technik. Berlin, VDI-Verlag, 1936. 192 p., 
illus., 8x6 in., paper, 3.50 rm. A review of the 
developments in engineering during 1935. All 
branches of technology are covered, and about 
6,000 articles are cited. 


RADIO RECEIVING and TELEVISION 
TUBES. By J. A. Moyer and J. F. Wostrel. 
38 ed. N. Y. and Lond., McGraw-Hill Book Co., 
1936. 635 p., illus., 8x6 in., cloth, $4.00. Ex- 
plains the principles of operation and applications 
of vacuum tubes in nontechnical language. 


NEW ACOUSTICS, 
Development in 
N. W. McLachlan. 


a Survey of Modern 
Acoustical Engineering. By 

Lond. and N. Y., Oxford 
Univ. Press, 1936. 166 p., illus., 7x5 in., cloth, 
$2.75. A nonmathematical summary of practical 
developments of submarine devices, loud-speakers, 
microphones, phonographs, sound films, and aids 
for the deaf. 


Industrial Notes 


Simplex Elects Officers~—The Simplex 
Wire & Cable Co., Cambridge, Mass., an- 
nounces the election of Everett Morss, Jr., 
president and treasurer; Charles R. Boggs, 
vice-president and general manager, Philip 
R. Morss, vice-president, clerk and secre- 
tary, and J. Arthur Gibson, vice-president 
and assistant treasurer. William S. Davis 
continues as sales manager with George L. 
Roberts, assistant sales manager. 


New Offices for FerrantiimThe executive 
and sales offices of Ferranti Electric, Inc., 
have been moved from 130 W. 42nd St. to 
larger quarters in the RCA Building, 30 
Rockefeller Plaza. The factory also is now 
occupying new and increased space on W. 
58rd St., where modern equipment is being 
installed. 


Cellophane for Wire Insulation.—Putting 
“turns of copper’’ in less space by insulating 
the wire with Cellophane is a new use for 
this versatile material, according to its 
manufacturer, E. I. Du Pont De Nemours & 
Co., Wilmington, Del. This transparent 
wrapping is less than one thousands of an 
inch in thickness and comes in fractional 
inch widths. The wire is wound on the 
usual wire insulating machines. Special 
adhesives insure a permanent bond and a 
dress of lacquer completes the job. Labora- 
tory tests, it is claimed prove its higher 
efficiency over other materials as an insula- 
tion from an electrical and mechanical 
standpoint, in addition to its space saving 
quality. Other recent adoptions of Cello- 
phane in the electrical industry are its use 
in electric cords as a separator between wire 
and rubber; in industrial cables it has been 
found of special value. 


Trade Disraratase 


Capacitors.—Catalog 127, 24 pp. De- 
scribes capacitors for industrial and trans- 
mitting applications, in all ranges and ca- 
pacities. Cornell-Dubilier Corp., 4377 
Bronx Boulevard, N. Y. 


Railroad Electrification—Bulletin GEA- 
2091, 24 pp. Describes the Pennsylvania 
Railroad electrification from New York to 
Washington. Illustrates electrical equip- 
ment, locomotives, ete. General Electric 
Co., Schenectady, N. Y. 


Indicating Meters.—Catalog 21, 28 pp. 
Describes a wide range of voltmeters, 
ammeters, wattmeters, etc., in round, 
square, portable and edgewise types. The 
Hickok Electrical Instrument Co., 10514 
Dupont Ave., Cleveland, O. 


Fuse Switches.—Bulletin 527, 12 pp. 
Describes porcelain housed cutouts, 
“Fuswitches” and disconnecting switches... 
Bulletin 528, 16 pp. Describes open type 
“Fuswitches” and disconnecting switches. 
W.N. Matthews Corp., St. Louis, Mo. 
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Thin Wall Cables.—Bulletin 136, 8 pp. 
Describes Permex thin wall rubber insulated 
cables, particularly suited for telephone, 
supervisory control, etc., or other low volt- 
age circuits requiring many conductors in 
small compass. Hazard Insulated Wire 
Works, Wilkes-Barre, Pa. 


Transformers.—Bulletin ‘“‘Power Trans- 
formers,’”’ 4 pp. Describes power trans- 
formers up to 5,000 kva and 60,000 volts. . . 
Bulletin 4 pp. “Building Uptegrafi Trans- 
formers.’”’ Illustrates steps in the manu- 
facture of various types of transformers. 
R. E. Uptegraff Mfg. Co., Pittsburgh, Pa. 


Motors.—Bulletin 215, 4 pp. Describes 
type T, 6-pole, heavy duty, d-c motors, 
40° C. rating, for general service, constant 
and adjustable speed duty; open and semi- 
open styles; sleeve and anti-friction bear- 
ings. Reliance Electric & Engg. Co., 1086 
Ivanhoe Road, Cleveland, O. 


Theatre Lighting Equipment.—Catalog 40, 
96: pp. A comprehensive presentation of 
theatre and auditorium lighting equipment 
and accessories; floodlighting and special 
illumination applications. Typical indoor 
and outdoor installations are illustrated. 
Kliegel Bros., 321 W. 50th St., New York 
City. 


Rural Electrification Manual.—Catalog, 66 
pp. Embraces specifications for overhead 
rural distribution lines, including single and 
3-phase, grounded and non-grounded rural 
distribution lines up to 15 kv. The draw- 
ings and tables included are intended as a 
guide for general construction practice. 
Locke Insulator Corp., Baltimore, Md. 


Variable Speed Units.—Bulletin 139 ‘‘Ster- 
ling Speed-Trol Motors,’ 4 pp. Describes 
the improved Sterling System Speed-Trol 
unit, a compact, enclosed, self-contained, 
infinitely variable speed power unit; ratings 
1/,to 15 hp; this unit supersedes the former 
Sterling Vari-Speed motor. Sterling Elec- 
tric Motors, Inc., Los Angeles, Calif. 


Heating Systems.—Bulletin, 16 pp. De- 
scribes industrial electric heating systems 
with automatic control. Applications in- 
clude oil heaters for use in connection with 
purifying insulating oils for transformers, 
circuit breakers, ete. Typical instaliations 
are illustrated. Hynes Electric Heating 
Co., 240 Cherry St., Philadelphia, Pa. 


Metal-Clad Switchgear.—Bulletin GEA- 
1661A, 12 pp. Describes type MI-6 metal- 
clad switchgear, combining oil circuit 
breakers, disconnecting devices, buses, 
instruments, meters, current and potential 
transformers, interlocks, supporting frame- 
work, and enclosing covers all in a single 
unit. Generali Electric Co., Schenectady, 
INV 


Circuit Breakers.—Bulletin 486, 4 pp. 
Describes a new high speed circuit breaker 
particularly applicable as a feeder breaker 
in steel mills, direct current railway systems 
or wherever extremely high power concen- 


tration exists. Maximum continuous rat- 
ing of the breaker is 10,000 amperes at 
either 600 or 1500 volts. I-T-E Circuit 
Breaker Co., 19th and Hamilton Sts., 
Philadelphia, Pa. 


Galvanometers.—Catalog ED, 40 pp. De- 
scribes a complete line of galvanometers and 
dynamometers, including several newly de-— 
veloped instruments—a narrow-coil gal- 
vanometer providing an extremely high 
voltage-sensitivity combined with a very 
short period, and a dual galvanometer with 
all the advantages of a portable lamp and 
scale galvanometer, with a sensitivity 50 
times as great. Specifications and listings 
have been brought up to date throughout 
the catalog. Leeds & Northrup Co., 4962 
Stenton Ave., Philadelphia, Pa. 

Demand Meters.—Catalog GEA-612C, 80. 
pp. Describes a very complete line of 
standard demand meters intended for 
measurement of maximum demand (in kw, 
kva, and rkva, etc.) and its allied problems; 
includes indicating, graphic, and printing 
types for all classes of service. These 
meters are of the block-interval type and 
indicate or record the demand, integrated 
and averaged over a definite time interval. 
General Electric Co., Schenectady, N. Y. 


Transformers.—Catalog 116, 40 pp. De- 
scribes a complete line of distribution trans- 
formers ranging from 11/, to 500 kva, for 
potentials from 240 to 73,000 volts, and for 
single or 3-phase circuits. Included is a 24- 
page ‘“‘Data Book” which gives complete 
information in tabular form on all standard 
voltage ratings and kva sizes, accessories, 
taps, weights, dimensions, etc. American 
Transformer Co., 178 Emmet St., Newark, 
INE Ie 


Service Restorer.—Bulletin 47, 4 pp. 
Describes an automatic service restorer, a 
device for use on 7500-12,500Y volt dis- 
tribution systems to provide dependable 
overload protection with either 1, 2, or 3 
automatic reclosures at predetermined time 
intervals. It is designed for single crossarm 
mounting and is equipped with a spring 
actuated, manually reset control mechan- 
ism that requires no auxiliary power for its 
operation. Pacific Electric Mfg. Corp., 
5815 Third St., San Francisco, Calif. 


Micromax Recorder.—Catalog N-33A. 
Describes the new “Silver Anniversary” 
Micromax now available as an indicating 
recorder or as an indicating and recording 
controller not only for temperature but for 
CO , smoke density, chemical strength, pH, 
frequency, remote load, etc. The one 
instrument provides all combinations of 
indicating, recording, signalling and con- 
trolling in a manner unique to this model. 
Measurements are presented most conveni- 
ently;, a bold scale and pointer shows the 
condition at the moment, and a clear record 
on ten visible inches of strip-chart shows it 
for the past several hours. On controllers, 
a second pointer shows control setting. 
Multi-point records may be in blue or in 
multi-color. Standard Micromax assem- 
blies have been improved wherever possible; 
contacts are heavier, and certain other com- 
ponent parts are new. All other Micromax 
models are also described in the new catalog. 


Leeds & Northrup Co., 4962 Stenton Ave., 
Philadelphia, Pa. 
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